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THE QUALITY OF UNDERGRADUATE SCIENCE 

EDUCATION 



TUESDAY, MARCH 31, 1992 

U.S. House of Representatives, 
Committee on Science, Space, and Technology, 

Subcommittee on Science, 

Washington, D.C. 
The subcommittee met, pursuant to notice, at 1:47 p.m. in room 
2318, Rayburn House Office Building, Hon. Ray Thornton [acting 
chairman of the subcommittee] presiding. 
Mr. Thornton. The hearing will come to order. 
I'd like to ask our first panel. Dr. Vest, Dr. Pister, Dr. Carlisle, 
and Dr. Ferguson to please come up to the witness table, if you 
will 

I want to first thank each of you for making the effort to come 
down and talk about this most important topic. The quality of un- 
dergraduate science education is a matter of great concern, and 
how to improve that science education, not only at the undergradu- 
ate level, but with the consequences of that education and its 
impact upon education throughout the seamless web, from the be- 
ginning of the educational process through the highest degree. 

Following World War II, the United States did create the finest 
research infrastructure in the world by choosing wisely to contract 
its investment in basic research with institutions of higher educa- 
tion. 

By integrating both pedagogy and research, we were able to cap- 
italize on the strengths and complementary roles of each, produc- 
ing a student academic environment that was unparalleled in ex- 
cellence and in opportunity. 

Today, however, a nationwide perception exists that the balance 
between teaching and research has become skewed in favor of re- 
search and that the quality of undergraduate science education 
within this country has seriously deteriorated. 

Students and parents are alike in voicing their dissatisfaction 
with an academic system that sometimes seems to have lost sight 
of the educational needs of the students. 

The faculty reward systems of universities give the appearance 
that faculty are awarded promotion and tenure primarily on the 
basis of research endeavors. 

In addition, the current imbalance between the amount of feder- 
al funds available for research and the increasing number of re- 
search opportunities, has placed the university research enterprise 
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under stress, and has significantly reduced faculty success rates for 
obtaining research support. 

As a result of these pressures, faculty tend to allocate more and 
more time to research and proposal writing, while teaching respon- 
sibilities are transferred to graduate students or teaching assist- 
ants. 

Our goal today in these hearings is to examine factors that con- 
tribute to establishing an appropriate balance between teaching 
and research responsibilities of the professorate, and to enhancing 
the quality of undergraduate science education. 

It is not our intent to denigrate or to take away in any respect 
from the important role of scientific research within the academic 
institution, or to criticize those faculty whose demonstrated excel- 
lence in research-related endeavors are so often rewarded. 

As a Nation, we have collectively reaped significant benefits 
from their dedication and valuable contributions to science. 

Now, one could take the simplistic view that undergraduate sci- 
ence education represents just one of many segments along the 
continuous spectrum of formal education that begins with pre- 
school and ends with post-doctoral study. 

A more pragmatic view, and one that is instrumental to this 
hearing, is that undergraduate science education serves as a pivot- 
al element within the formal education structure. It serves as the 
core from which scientific knowledge emanates to future scientists 
and researchers, to future teachers, and to future leaders in every 
sector of our society. 

In short, undergraduate science education provides the founda- 
tion upon which this Nation's scientific literacy is ultimately based. 

Ralph Waldo Emerson once remarked, and I quote, 'The secret 
of education lies in respecting the pupil." 

Despite the laudable successes and significant achievements of 
our research infrastructure, we must look to our academic institu- 
tions to ensure that the needs of those students are addressed, and 
that all students receive the quality undergraduate science educa- 
tion they fully expect and deserve. 

All of us here today share a common goal — to reaffirm the im- 
portance, value, and honor associated with educating our Nation's 
youth. This hearing, I hope, will afford us the opportunity to identi- 
fy viable options and means to achieve that common goal. 

Our first panel of witnesses is composed of leaders from several 
academic institutions, and your guidance, direction, and steward- 
ship of your faculty have a great effect, not only on academic prior- 
ities, but upon the rewards that teaching i iculty receive. 

Our second panel will be composed of senior and junior faculty 
whose decisions regarding their own research and teaching respon- 
sibilities are influenced by the faculty reward systems of their re- 
spective institutions. 

We look forward to the candid views and recommendations of all 
of our witnesses. 

I'm reminded of the story once told about a Greek philosopher, a 
couple of thousand years ago, saying, 'Isn't it terrible what hap- 
pened to Socrates? They've killed him." 

The response was, **Well, he may have been a good teacher, but 
he never published." Plato did the publication, I believe. 



Mr. Packard has a prepared statement which, without objection, 
I would like to enter into the record at this point in these proceed- 
ings. 

I recognize my colleague from Maryland, Mr. Gilchrest, if he has 
an opening statement. 

[The prepared statements of Mr. Thornton, Mr. Packard, and Mr. 
Boucher follow:] 
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OPENING STATEMENT 
OF THE 

HONORABLE RAY THORNTON (D-AR) 
SUBCOMMITTEE ON SCIENCE 
ON THE 

QUALITY OF UNDERGRADUATE SCIENCE EDUCATION 



March 31, 1992 



Following World War II, the United States created the finest 
research infrastructure in the world by choosing to contract its 
investment in basic research with institutions of higher 
education. By integrating both pedagogy and research, we 
were able to capitalize on the strengths and complementary 
roles of each, producing a student academic environment that 
was unparalleled in excellence and opportunity. 



Today, however, a nationwide perception exists that the 
balance between teaching and research has become skewed in 
favor of research and that the quality of undergraduate science 
education within this country has seriously deteriorated. 

1 



students and parents alike are voicing their dissatisfaction with 
an academic system that appears to have lost sight of the 
educational needs of its students. 

The faculty reward systems of universities give the 
appearance that faculty are awarded promotion and tenure 
primarily on the basis of their research endeavors. In addition, 
the current imbalance between the amount of federal funds 
available for research, and the increasing number of research 
opportunities, has placed the university research enterpiise 
under stress and has significantly reduced faculty success rates 
for obtaining research support. As a result, faculty tend to 
allocate more time to research and proposal v/riting, while 
teaching responsibilities are transferred to graduate students or 
teaching assistants. 
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Our goal today is to examine factors that contribute to 
establishing an appropriate balance between the teaching and 
research responsibilities of the professoriate, and to enhancing 
the quality of undergraduate science education. It is not our 
intent to denigrate the role of scientific research within the 
academic institution, or to impugn those faculty whose 
demonstrated excellence in research related endeavors are so 
rewarded. As a nation, we have collectively reaped significant 
benefits from their dedication and valuable contributions to 
science. 

One could take the simplistic view that undergraduate 
science education represents just one of many segments along 
the continuous spectrum of formal education - a spectrum that 
begins with pre-school and ends with post-doctoral study. A 
more pragmatic view, and one which is instrumental to this 
hearing, is that undergraduate science education serves as a 

3 
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pivotal element within the formal education structure. It serves 
as the very core from which scientific knowledge emanates to 
future scientists and researchers, to future teachers, and to 
future leaders in every sector of our society. In short, 
undergraduate science education provides the foundation upon 
which this nation's scientific literacy is ultimately based. 

Ralph Waldo Emerson once remarked, "The secret of 
education lies in respecting the pupil." Despite the laudable 
successes and significant achievements of our research 
infrastructure, we must look to our academic institutions to 
ensure that the needs of the students are addressed and that all 
students receive the quality undergraduate science education 
they fully expect and deserve. 

All of us here today share a common goal - to reaffirm the 
importance, value, and honor associated with educating our 
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nation's youth. This hearing will afford us the opportunity to 
identify viable options and means to achieve that common goal. 

Our first panel of witnesses is comprised of leaders from 
several academic institutions, whose guidance, direction, and 
stewardship of the faculty greatly influence not only academic 
priorities, but also the concomitant rewards for faculty. Our 
second panel of witnesses is comprised of senior and junior 
faculty whose decisions regarding their own research and 
teaching responsibilities are influenced by the faculty reward 
systems of their respective institutions. We look forward to the 
candid views and recommendations of all of our witnesses. 
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STATEMENT OF 
THE HONORABLE RON PACKARD 
SCIENCE SUBCOMMITTEE 
HEARING ON THE QUALITY OF UNDERGRADUATE EDUCATION 
1:30 PM, 2318 RHOB 
MARCH 31, 1992 



* I welcome the gentleman from Arkansas, Mr. Thornton, who will 
be chairing the hearing today for Chaiim^n Boucher. 1 am sure 
Chairman Thornton will provide some valuable insights given his 
former role as the President of the University of Arkansas. 

* I welcome all the witnesses and extend a special welcome to Dr. 
Karl Pister from the University of California at 
Santa Cruz. Dr. Pister has had a very distinguished career within the 
University of California — a career that includes being selected as a 
Fulbright Scholar in both Ireland and Germany. Dr. Pister is the 
Chairman of the newly created Board on Engineering Educacion of the 
National Research Council and he currently serves as Interim 
Chancellor at the University of California, Santa Cruz. 
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* I will be interested to hear more about the recommendations that 
were generated by the task force of the UC system that looked at 
faculty rewards. It is my hope that these excellent recommendations 
are now in the process of being implemented. 

* With that, Mr. Chairman, I will conclude my opening remarks so 
that we can move on to the testimony. 
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OPENING STATEMENT 
OF THE 

HONORABLE RICK BOUCHER (D-VA) 
CHAIRMAN, SUBCOMMITTEE ON SCIENCE 
ON THE 

QUALITY OF UNDERGRADUATE SCIENCE EDUCATION 
March 31, 1992 

The people of the United States have justifiably taken great 
pride in the scientific excellence demonstrated by this nation as 
a whole, particularly in this competitive global environment. Our 
research infrastructure, established as a cooperative joint 
venture between the federal government and the academic 
community, has become the envy of the world. But we can ill 
afford to rest on our laurels. Current indicators reflect a 
potentially disturbing erosion of the scientific literacy in this 
country - a trend that may ultimately and irreversibly damage the 
economic strength and competitiveness of this country. 
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The purpose of the hearing today is to examine one of the 
most crucial and pivotal elements in the determination of our 
nation's scientific literacy - the quality of undergraduate science 
education. This area of examination is not limited solely to the 
education of those individuals who seek professional careers in 
the sciences. On the contrary, the quality of undergraduate 
science education received by non-science majors has equal, if 
not greater, impact on society as a whole. 

Those undergraduate students who choose careers in 
other fields will require a solid foundation in science in order to 
apply their respective skills in a technologically explosive 
international environment. Even more significantly, those 
undergraduate students who choose careers in teaching will 
eventually impart their knowledge and understanding of science 
to the children of today - the leaders of tomorrow. Thus, 

2 
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limitations or deficiencies in undergraduate science education 
ultimately impact every sector of our society. 

Has the quality of undergraduate science education been 
deteriorating? Public perception seems to indicate "yes". 
However, we seek today Qot to "pass judgement" on the 
academic community, but rather to address a root cause of this 
perception and to solicit constructive mechanism's to effect 
institutional change. • 

At the very heart of this issue is the current faculty reward 
system, which appears to favor the research endeavors of the 
professoriate at the expense of the teaching endeavors. If 
faculty are primarily recognized and rewarded on the basis of 
their research efforts, where is the incentive (other than personal 
devotion and motivation) to dedicate one's time to teaching the 
undergraduate students? Clearly, the element of instruction 
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must be recognized for its value and importance to this nation, 
and rewarded accordingly. 

I welcome the witnesses who have come here today to 
share their views, observations, and recommendations on this 
important issue with our Subcommittee, Working together we 
can learn from past experiences, identify areas for potential 
change, and explore new and innovative programs designed to 
improve the quality of undergraduate science education. 

We are all in agreement on the importance of science 
education to this nation. Let us take the opportunity of this 
hearing to collectively address substantive, proactive measures 
to enhance the quality of that education, for we are all the 
ultimate beneficiaries. 
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Mr. GiLCHREST. Thank you, Mr. Chairman. 

I have no formal opening statement. I do look forward to the tes- 
timony from the panel this afternoon. 

I know that it is significantly important for us to understand 
how science and math can be a part of the instructional fabric of 
universities and colleges, so that they make a significant impact on 
those teachers and people that will aosorb that information. 

This is probably the most important infrastructure that our 
country has, and that's the manner in which we instruct people to 
further disseminate that information. It is vital that we get some 
sense of how we can improve upon that — what our strengths are, 
what our abilities to be creative are, and so forth, 

I would also like to emphasize the importance of this as a history 
teacher, over the past so many years, up until last year, in that 
after they get out of undergraduate school, I think it is vital not to 
let the line go, but teachers continually need to be updated on spe- 
cific information, and motivated, because the term ''burn-out** is 
fairly prevalent in our public schools. 

Undergraduate schools can do a great deal to perpetuate their 
sense of importance in the community. After they leave these un- 
dergraduate schools, some continued association with them in some 
manner, I think, is vitally important. 

ril just throw a plug for a book that was written about 25 years 
ago. As a history teacher, I read the book, and use it as part of my 
instruction periodically, but I think it's a great blending of the dis- 
ciplines. It was a book written by Jacob Bronowski, called *The 
Ascent of Man.'* 

It blended, so perfectly, philosophy, economics, history, science, 
of course, religion, in a way that people understood the context of 
science and math in the importance of people's lives. 

So, ladies and gentlemen, I look forward to your testimony. 

Thank you, Mr. Chairman. 

Mr. Thornton. Thank you very much. 

I also enjoyed the wonderful Bronowski book. It is an excellent 
piece. 

I want to express, for the Chairman of the Science Committee, 
the Honorable Rick Boucher, his regret that he could not be here 
today. He was really looking forward to this hearing. 

When it appeared that his schedule would not allov/ him to be 
here, he asked me, I think, because I left the presidency of the Uni- 
versity of Arkansas to seek to return to Congress to chair the hear- 
ing. 

He said, '*Ray, why did you give up being president of the Uni- 
versity of Arkansas to come back to Congress?" I admitted that I 
got tired of all the politics. 

[Laughter.] 

Mr. Thornton. Henry Kissinger once said that, "The reason that 
university politics is so fierce is that the stakes are so small.'' 
[Laughter.] 

Mr. Thornton. But the administration of universities is the most 
significant task that faces our country, because the foundation of 
education is higher education. 

Education means to educe or to pull up or pull out of or pull 
through. It is at the level of higher education that you put the 
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pulley, and that you lift, as we did with th* land grant college 
system, the entire fabric of a Nation's educational structure. 

Dr. Vest, Fd like to ask you to begin the testimony today. Your 
excellent prepared testimony will be made a part of the record, 
without objection, in fulL I would like to ask that you summarize it 
so that we may hear from each of the witnesses today. 

STATEMENT OF DR. CHARLES M. VEST, PRESIDENT, MASSACHU- 
SETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASSACHU- 
SETTS 

DMr. Vest. I would like to begin by warning my colleagues that 
if we are facing a chairman who is a former university president, 
and a Congressman who reads Bronowski, we'd better speak the 
truth today. 

Mr. Chairman, it's a great honor to be here to address the com- 
mittee on a topic of utmost importance, the quality of undergradu- 
ate education, the relationship and balance between teaching and 
research. 

This Nation is in a slump, economically, politically, and socially. 
As my favorite philosopher, Pogo Possum, once said, ''We are sur- 
rounded by insurmountable opportunities." 

You have heard the litany of things that many believe are neces- 
sary to pull ourselves out of this trend. The essential prerequisite 
for progress, the sine qua non for a vibrant American future, is the 
development of our human capital — our people and their ideas. 

Our system of public and private higher education is one of the 
most successful undertakings in human history. It is unparalleled 
in scale, scope, and quality. 

It has repaid the Nation's investment in many ways, and at rates 
that defy ordinary economic analysis. It is the best in the world — 
period. 

But greatness can be fleeting, if we rest upon our laurels, if we 
do not move with the times, or if we fail to anticipate the future. 

American undergraduate education must be continuously im- 
proved, and therefore it must be valued and invested in by the 
Nation. 

Because of research at institutions such as MIT, undergraduates 
are taught by faculty members who teach the future, not just the 
past, of their fields. 

Where there are problems with science education, I believe that 
it is more often because of an artificial separation of teaching and 
research than because of an overemphasis on research. 

Faculty in the universities that I am aware of work very, very 
hard. Indeed, they work obsessively. We keep asking more and 
more of them, and they keep asking more and more of themselves. 
Nonetheless, the promotion and reward system clearly influences 
what they work on and how. 

Promotion, tenure, and salary jetting must be designed to pro- 
mote excellence in learning through education and research. 

I do not recommend that we deviate from that goal. The times 
call for more flexibility than I sometimes observe. 

Tm aware of schools that have carefully quantified the minimum 
number of publications they require for tenure, for example. This 

2 J 
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is nonsense and a cop-out. It is an evasion of judgment of merit and 
excellence. 

Teaching and instructional innovation must be recognized and 
rewarded, but they must be held to the same standards of excel- 
lence that we attempt to hold scholarship and research to. 

The system must allow for a broader range of activities along the 
teaching/ research spectrum, but quality and effectiveness must 
remain tl^e bottom line. 

The most important consider ions are those that deal with 
young faculty. These considerations are indeed influenced by feder- 
al policy and funding. 

Many of our younger faculty are fixated on what they see as the 
mechanics of attaining tenure. They feel pressed to rapidly estab- 
lish research programs, laboratories, funding, and lengthy publica- 
tion records, and to do so in a world where the competition is fierce 
for research grants that continue to shrink in size and duration. 

In my view the surest way to dampen further efforts of junior 
faculty in teaching would be to cut research budgets, or to continue 
the erosion of merit and peer review, as the criteria for awarding 
research funding, thereby increasing still further the difficulty of 
meeting this area of faculty responsibility. 

There are many areas that we could discuss today, and certainly 
many more than I could possibly cover in the allotted time. 

For example, universities must educate for a changing world — a 
world in which virtually every activity is carried out in an interna- 
tional context, and in which women and members of under-repre- 
sented minority groups must fully participate. 

But let me offer a few recommendations that I believe should be 
implemented by universities, by the Federal Government, or jointly 
by academia and government. 

First, fix the K-12 system. The Nation simply must come to grips 
with the enhancement of primary and secondary education, and 
the establishment of popular respect for learning and accomplish- 
ment. Issues of undergraduate science and engineering education 
will be much easier to deal with once that is done. 

Senior faculty and administrators must bring about a shift in the 
academic culture that more strongly recognizes the importance of 
teaching and educational innovation. However, I again emphasize 
that excellence and rigor must be demanded. 

Particular emphasis should be placed on improving the quality of 
introductory science and mathematics courses. It is in these 
courses that fundamental understanding and knowledge are im- 
parted. Inspiration and motivation are most important at this 
level, and course content must be related to the contemporary 
world. 

We must use graduate student teaching assistants only in con- 
texts that are reasonable. We have a responsibility to see that they 
are appropriately prepared for their duties. 

Particularly in engineering education, we must give greater em- 
phasis to design, to integrative activities, and to teamwork. 

Major institutional and national awards and fellowships recog- 
nizing faculty who have made extraordinary contributions to edu- 
cation of undergraduate students should be established. The new 
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Margaret MacVicker Faculty Teaching Fellows Program at MIT is 
intended to establish this precedent. 

We must foster a greater diversity of kinds of educational institu- 
tions. Not every institution should aspire to be a PHD-granting re- 
search university. The country can't afford it, and more important- 
ly, we need to more clearly recognize the value of different kinds of 
education and training for different people. 

Programs should be developed and extended that involve under- 
graduates in research together with faculty and graduate students. 
Examples include MITs Undergraduate Research Opportunity Pro- 
gram or UROP. 

NSF has developed add-on funding to research grants to support 
undergraduate involvement. All the evidence that I am aware of 
shows tremendous payoffs for such efforts. 

A more concentrated effort is needed to increase the productivity 
of universities, both individually and collectively, through the use 
of modern information technology such as computing, simulation, 
and interactive video. 

We should more fully exploit the developing computing infra- 
structure and networks of the country. Imaginative educational ap- 
plications seem to me to be lagging behind even the available tech- 
nology. 

Research funding for faculty should become more plentiful, not 
less, and it should be awarded on the basis of merit, not politics. 
Proposal writing and administrative loads on faculty, especially the 
younger faculty, must be reduced. 

As part of this, we must get away from the devastating, develop- 
ing view in some corridors of the Federal Government of universi- 
ties as simply research contractors. 

Instead, we must promote the interaction of research and teach- 
ing within institutions, and recognize the importance of these insti- 
tutions to the Nation. 

We must recognize that universities are financially very fragile 
at the moment. Private universities have only three sources of 
income — tuition, private giving, and sponsored research. 

Whenever federal support for research or fellowships do not 
cover the actual costs incurred, then cost sharing from the other 
two sources is forced, and funds available for direct teaching and 
educational purposes decrease. 

Programs that support equipment and facilities for undergradu- 
ate teaching laboratories should be expanded and, in general, en- 
couraged. 

Government agencies should fund educational pilot projects and 
the development of innovative curricular and teaching materials. 

However, in my view, universities should not walk out on the 
limb of long-term dependence on external sponsorship for faculty 
salaries and operating costs directly associated with the teaching 
function. 
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Reform and tuning of the academic culture is needed and, in my 
view, is beginning to occur. Despite the fact that some significant 
changes are necessary to further enhance the quality of undergrad- 
uate science and engineering education, it remains my view that it 
is the synergy of research and teaching that has made our system 
of higher education the best in the world. 

Thank you very much. 

[The prepared statement of Dr. Vest follows:] 
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Written Statement of Charles M. Vest 
President, Mnssnchusotts Institute of Technology 

before the 

Subcommittee on Science Hearing on 
Quality of Undergraduate Education 
House Committee on Science, Space, and Technology 

Tuesday, March 31, 1992 



INTRODUCTION 

Mr. Chairman, I am Chxrles Vc^l, President of the Vfassachuselts 
Institute ot Technolog)'. I am honored to have the opportunity to address this 
commiUee on a topic of utmost imporlnnce -- the quality of undergraduate 
education and tlie balance between teacliing and research. 

I was born and raided in VVe:>t Virginia, where 1 attended public schools and 
graduated as a mechanical engineer from West Virginia University in 1963. 
Thereafter, I moved to The University of NHchigan where I earned a masters degree 
and, in 1968, my PhD in mechanical engineering. I served on the faculty of 
Michigan's College of linginucring from 1S)68 to lySJO. 

During most of these years I was active in both teaching and research. I taught 
both undergraduate and graduate courses every term. Al Michigin, I served as dean 
of the College of Engineering and then as Provost and Vice PresiL.ent for Academic 
Affairs. In October 1990, I had the honor to become president of MIT. I view this 
appointment as a call to national service, and it is in that spirit that I come before 
this committee today. 

This nation is in a slump -- economically, politically and socially. As my 
favorite philosopher, Pogo Possum, once said, ' We are surrounded by 
insurmountable opportunities." You have heard the litany of things that most 
believe are necessary to pull ourselves away from this trend, especially 
economically; increase savings rates... focus on the long term. ..learn to live in the 
world of interconnected economies, production systems and communications.. .and 
train tomorrow's workforce so that it is committed to excellence and is 
representative of the rapidly changing demography of our nation. But the essential 
prerequisite for progress, the sine qua r.on for a vibrant American future, is the 
development of our human capital -- that is, our people and their ideas. 

Our system of public and private higher education is one of the most 
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successful undertakings in human history. It is unparalleled in scale, scope and 
quality. It has repaid the nation's inve^Jtnient in it in many ways and at rates that 
defy ordinary economic analysis. It is the best in the world - period. 

Bvit, I can imagine that just a decade or two ago, the president of some major 
U.S. manufacturing firm might have spoken to you with equal conviction about the 
unparalleled strength of his firm or industrial sector. It is unlikely that today that 
same individual would be able to claim to represent the best in the world. Greatness 
can be fleeting if we rest upon our laurels, if we do not move with the times, or if 
we fail to anticipate the future. American undergraduate education must be 
continuously impro\'ed, and therefore it must be valued, and invested in, by the 
nation. 

There are two issues in undergraduate science and engineering education - 
the education of scientists and engineers; and the scientific and technological literacy 
of students majoring in the arts, humanities, business, and other fields. I will 
concentrate on the education of science and engineering majors today, but would 
like to register my view that the scientific literacy of non-majors is a growing 
national problem. Indeed, when Harvard students recently interviewed just prior 
to their graduation, were asked "What is your one biggest academic regret", 39% of 
the humanities majors answered "1 wish that 1 had taken more science." 

THE INTERACTION OF TEACHING AND RESEARCH 

In many universities, significant change is required to improve the quality of 
undergraduate science and engineering oducation. I lowever, p<.>sing tb.e is?ue 
starkly as a balance between teaching and research evades the complexity of this 
important topic. 

l-or example, it is important to understand that in science and engineering, 
undergraduate course topics and materials generally evolve from research 
developments, then move into graduate courses and only then, as they are refined 
and honed and their essentials understood, move into undergraduate classrooms 
and textbooks. In recent icstimony before the National Research Council Board on 
Engineering Education, several educators who described innovative new 
approaches to undergraduate education noted that this mode of evolution 
continues today. Furthermore, in engineering education, the coupling of industrial 
research interactions with undergraduate course development is clearly increasing 
in importance. 

Because of research at institutions such as MIT, undergraduates are taught by 
faculty members who teach the future, not just the past of their subjects. In addition 
to their classroom work, students learn from tutors and fellow students in study 
groups, and - increasingly - by working directly with faculty, graduate students, and 
staff on research projects. 
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Where there nre problems with science education, I believe thnt it is more 
often been use of a Separation of teaching and research, rather than an overemphasis 
on research. As Professor Hal Abelson of our computer science faculty, a widely 
respected teacher of undergraduates, has put it: 



A lot of science education is fossilized, largely because 
people have forgotten that learning about science must 
involve doing science. One symptom of this is the way 
that discussions about faculty roles in education get polarized 
around the "research vs. teaching" issue Mil s 
Undergraduate Research Opportunities Program is a 
wonderful e.xample of how to get around this, and it's 
puzzling and troubling that the program has been so hard 
to transplant to other universities. 



1 bi lieve that in the long run, it requires the discipline, joy and continual 
renewal o/ original research, scholarship or other creative intellectual activity to 
keep us lively and successful as teachers. One may start out as an effective and even 
brilliant teacher, but without the kind of continuous renewal that research and 
scholarship provide, one will not grow in wisdom and breadth, and over time may 
lose rather than gain in effectiveness as a teacher. 



FACULTY PROMOTION, TENURE AND REWARDS 

Faculty in the universities that I am aware o.' work very, very hard. 
Indeed they work obsessively. We keep asking more and more of them, and they 
keep asking more and more of themselves. Nonetheless, the promotion and 
rev/ard system clearly influences what they work on, and how. 

Promotion, tenure liVid set lary setting must be designed to promote 
excellence in learning through education and research. I do not recommend that we 
deviate from that goal, but I do believo that the times call for more flexibiiliy than I 
sometimes observe. I. am aware of schools that have carefully quantified their 
requirements for tenure, for example requiring a certain minimum number of 
publications. This is nonsense and a cop-out. It is an evasion of judgement of merit 
and excellence. 

Teaching and instructional innovation must be recognized and rev/arded, but 
they must be held to the same standards of excellence to which we attempt to hold 
scholarship and research. The system must allow for a broader range of activities 
along the teaching/research spectrum, but quality and effectiveness must be the 
bottom lirie. 
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The most important considerations are those that deal with young 
faculty. And these considerations are influenced by federal policy and funding. 

It is true that many of our younger faculty are fixated on what they view as 
the mechanics of attaining tenure. They feel pressed to rapidly establish research 
programs, laboratories, funding, and lengthy publication records, and to do so in a 
world where the competition is fierce for grants that continue to shrink in size and 
duration. (Today, both tlie NIH and the N'SF fund fewer than one-third of their 
grant applications.) These younger colleagues believe that research sponsors and 
university administrators require them to spend most of their time generating 
entropy rather than useful worK. And they wonder if they will ever have time to 
spend with their families. 

Many assistant professors building their careers and moving toward tenure 
do express concern about a lack of time to commit, and rewards to be reaped, for 
innovation in undergraduate teaching. In my view, however, the problem is not 
doing research; it is the increasingly oppressive environment for developing 
sponsorship for their research. Too much time must be devoted to proposal writing 
and research administration, and not enough time to research itself. The surest way 
to dampen further the efforts of junior faculty in teaching would be to cut research 
budgets, or to continue the erosion of merit and peer review as the criteria for 
awarding research funding, thereby increasing still further the difficulty of meeting 
this area of faculty responsibility. 

RECOMMENDATIONS 

There are many more areas to be discussed than I can possibly cover in the 
alloted time. For example, universities must educate for a changing world - a 
world in which virtually every activity is carried out in an international context, 
and in which women and members of underrepresented minority groups must 
participate fully. But let me offer a few recommendations that I believe should be 
implemented by universities, by the federal government, or jointly by academia and 
government. 

• Fix the K-12 system. The nation simply must come to grips with the 
enhancement of primary and secondary education and the establishment of 
popular respect for learning and accomplishment. Issues of 
undergraduate science and engineering education will be much easier to 
deal with once that is done. 

• Senior faculty and administrators must bring about a shift in 

academic culture that more strongly recognizes the importance of teaching 
and educational innovation. An atmosphere of respect for first-rate 
teaching, and enjoyment by students and faculty of learning together 
must be fostered. However, excellence and rigor must be demanded. 
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Particular emphasis should be placed on improving the quality of 
introductory science and mathematics courses. It is in these courses 
that fundamental understanding and knowledge are imparted. Inspiration 
and motivation are most important at this level, and course content must 
be related to the contemporary v^orld. 

We in the universities must use graduate student teaching assistants 
only in contexts that are reasonable, and we have a responsibility to 
see that they are appropriately prepared for their duties. 

Particularly in engineering e^'.ic?.t:on we must give greater emphasis 
to design, integrative activities and teamwork. 

Major institutional and national awards and fellowships recognizing 
faculty who have made e^trdordinary contributions to the education of 
undergraduate students should be established. The new Margaret 
MacVicker Faculty Teaching Teiiows Program at MIT is intended to 
establish this precedent. 

We must foster a greater diversity in kinds of educational 
institutions. Not every institution should aspire to be a PhD-granting 
research university. The country can't afford it, and, more 
importantly, we need to more clearly recognize the value of different 
kinds of education and training. 

Programs should be developed and extended that involve undergraduates 
in research together with faculty and graduate students. Examples 
include MIT's Undergraduate Research Opportunity Program (UROP). NSF 
has developed add-on funding to research grants to support undergraduate 
involvement. All the evidence that I am aware of shows tremendous 
payoffs for such efforts. 

A more concerted effort is needed to increase the productivity of 
universities both individually and collectively through the use of 
modern information technology such as computing, simulation, and 
interactive video. We should more fully exploit the developing 
computing infrastructure and networks across the country. Imaginative 
educational applications seem to be lagging behind the technology. 

Research funding for faculty should become more plentiful, and it 
should be awarded on the basis of merit, not politics. Proposal writing 
and administrative loads on faculty, especially the younger faculty, 
must be reduced. 
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• We must get away from the devastating developing federal view of 
universities as simply research contractors. Instead, we must promote 
the interaction of research and teaching within institutions whose 
importance to the nation is recognized and valued. 

• You must recognize that universities are financially very fragile at 

the moment. Private universities have only three sources of income - 
tuition, private giving and sponsored research. Whenever federal 
support for research or fellowships does not cover the actual costs 
incurred, then cost sharing from the other two sources is forced, and 
funds available for educational purposes decrease. 

• Programs that support equipment and facilities for teaching 
laboratories should in general be encouraged. 

• Government agencies should fund educational pilot projects and the 
development of innovative curricular and teaching material. However, 
universities should not walk out on the limb of long-term dependence on 
external sponsorship for faculty salaries and operating costs of 
teaching. 

CLOSING 

Universities should be dedicated to learning. Learning takes place in a variety 
of ways through formal course work, through research, and through involvement 
in the general academic discourse. Reform and tuning of the academic culture is 
needed, and in my view is beginning to occur. Despite the fact that some significant 
changes are necessary to further enhance the quality of undergraduate science and 
engineering education, it remains my view that it is the synergy of research and 
teaching that has made our system of higher education the best in the world. 

Before coming down here today, I asked several of MITs most accomplished 
undergraduate teachers what they would like to say to you. Let me close by quoting 
the response of Dan Kemp, a member of our Chemistry faculty and a MacVicker 
Fellow: 

We are living at a unique moment in human history, in 
which we are finally answering many of the deep 
remaining questions concerning the nature of the physical 
universe, of the human organism, and of life itself. A 
nation that can seize the creative potential of these exciting 
times can ensure that it is governed by a political process 
that is grounded in rationality, and it can foster a level of 
technological aeativity that guarantees prosperity and 
decent quality of life, both for itself and for its future 
generations. 
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Mr. Thornton. Thank you very much, Dr. Vest for an eloquent 
statement. 

A former president of the University of Arkansas, who also left 
the university to come to Congress, named J. William Fulbright, 
once made the statement in talking about the politician as an edu- 
cator, that it was essential that we educate our leaders before they 
become our leaders, that the old system of the politician educating 
the constituency had fallen into a lot of problems with the 30 
second sound bites, and that it was very important for us to have — 
not only in the sciences, but throughout the philosophy of educa- 
tion — to have educational institutions that presented well rounded 
people to become our leaders. 

I thank you very much for your testimony. Dr. Pister. 

And, let me identify our witnesses more completely for the 
record. President Vest is head of the Massachusetts Institute of 
Technology, one of our truly great national treasures, and we are 
so honored that you are here. 

Dr. Pister is Chancellor of the University of California at Santa 
Cruz. Dr. Pister we are honored that you are here. 

STATEMENT OF DR. KARL S. PISTER, INTERIM CHANCELLOR, 
UNIVERSITY OF CALIFORNIA AT SANTA CRUZ, SANTA CRUZ, 
CALIFORNIA 

Dr. Pister. Thank you, Mr. Chairman and members of the com- 
mittee. 

For the record, I should also say that I spent most of my faculty 
career at the University of California at Berkeley, the last ten 
years of which were service as Dean of the College of Engineering. 

Also, I am currently Chair of the National Research Council 
Board on Engineering Education, which has a great deal of interest 
in the subject under discussion today. 

In 1991, I was Chairman of the University of California System- 
wide Task Force studying the faculty reward system at the Univer- 
sity of California. That experience is largely the basis for my testi- 
mony today. 

It's not surprising — 

Mr. Thornton. Mr. Pister, without objection, your full, prepared 
testimony will be made a part of the record, verbatim, at this point 
in the record. 

Dr. Pister. Thank you, sir. 

Since Dr. Vest and I were both educated as engineers and served 
similar experiences in our academic careers, it will be no surprise 
that much of my testimony follows his, with perhaps just a few 
minor nuances. 

First of all, the research university system in the United States, 
which is largely a post-World War II phenomenon is, indeed, a 
great institution. Nothing that I have to say should be construed as 
a need for substantial change in the research institutions of the 
United States. 

Nevertheless, there are important characteristics that have been 
acquired over the last 50 years or so that I believe are important 
and must be considered and changes made if the research universi- 
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ty system of this country is to serve the Nation as it must in the 
coming century. 

First of all, our research universities have a tripartite mission of 
teaching research and public service. This, in itself, has a major 
impact — the balance among those three categories on how these in- 
stitutions serve the Nation. 

Secondly, these institutions supply the faculty to most all other 
higher educational institutions in the United States. They are the 
Ph.D.-producing institutions that supply faculty. 

Therefore, the value system that is set by research universities is 
inherited and passed on in some sort of educational genetic code 
that influences almost all of higher education. 

In addition, the research university model sets the value system 
for faculty performance, by and large, in most of our institutions. 

The research university has, likewise, tended to homogenize in- 
stitutional mission. Dr. Vest re^irred to this already. It's too many 
institutions in the United States, in my view, aspire to become a 
research university in the present scene. 

This was captured in a recent paper by Clark Kerr entitled, '*The 
Race to be Harvard, Berkeley, or Stanford," clearly written before 
recent events at Stanford. 

[Laughter.] 

As a Berkeley person, off the record, I couldn't avoid saying that, 
of course. 

Research universities have also created the pressure of produc- 
tive scholarship. 

Mr. Thornton. Dr. Pister, let me just interrupt at that point, 
though, to say, that when one evaluates the contributions that that 
great university has made to our iNfation — its knowledge, its ability 
to develop high technology skills, employment opportunities for our 
people — the fact that a mistake is made does not necessarily con- 
demn the system or the process by which the Federal Government 
has provided support for those institutions. 

Dr. PiSTER. The record must show that that was a remark made 
in jest. Only people that either have gone to Stanford or Berkeley 
fully appreciate the friendly rivalry between the Institutions, 
which I entrusted two of my daughters, to I should say. 

Mr. Thornton. Thank you very much. 

Dr. Pister. Research universities have created the pressure of 
productive scholarship, often called the '^publish or perish syn- 
drome." 

Indeed, this manifests itself in such pressures as the need for 
academic year salary offsets for university faculty in research uni- 
versities. In other words, the substitution of research for teaching, 
which is a pressure that is dictated all too often by institutional 
economics more than mission of the institution. 

They have created institutional and individual metrics for pres- 
tige and awards. The national rankings, however determined, 
whether by the news media or by surveys, typically look at the re- 
search component of the institution in establishing a hierarchy. 

They have tended to erode the loyalty and allegiance of faculty 
to the home institution in favor of allegiance to the discipline. 

This horizontal peer group, so to speak, is a peer group that has, 
in many cases, displaced the institutional loyalty, because of the 
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need for peer group evaluation in the publication process, and in 
the evaluation of research proposals. 

There is thereby created a loss of a sense of community at a typi- 
cal research university and, in turn, this strongly impacts curricu- 
lar development, and undergraduate teaching. 

There have been several surveys, one notably by Ernest Boyer, 
who called attention to the age-related concerns that lie in this 
area that are in the printed text. This is a problem that is particu- 
larly acutely felt by those under 40 years old in the academy. 

Lastly, research universities have been relatively unresponsive to 
diversity issues — issues which, in my view, are poised to overwhelm 
our post-secondary institutions in the coming decade. 

As an example, in 1995, the public high school graduating classes 
of California and Texas will be more than 52 percent minority. The 
disciplinary focus, as opposed to a more community focus, of our 
research universities make it difficult to deal with the human re- 
source questions that are typically associated with large under-rep- 
resented minority populations in our institutions. 

So what recommendations for change can I give? 

First, a set for our institutions — first, encourage and reinforce di- 
versity in institutional mission. Lret's not all try to be Harvard, or 
MIT, or Stanford. Let's encourage flexibility in rewarding faculty 
performance over the full range of institutional mission, teaching 
research and service, emphasizing quality of scholarship that is 
demonstrated by the record. 

Here I would quote from the University of California Personnel 
Manual which says. The sine qua non "is superior intellectual at- 
tainment, as evidenced in teaching, research or other creative ac- 
tivity." That has been far too narrowly defined by most of our re- 
search institutions. 

We should give the same attention to the peer evaluation of 
teaching that we currently give to the peer evaluation of research. 

It is a self-fulfilling prophecy to say that the evaluation of teach- 
ing is too difficult and, therefore, we won't do it. We should encour- 
age scholarly activities aimed at improving K-12 education, espe- 
cially in mathematics, science, and communication skills, a matter 
that Dr. Vest has already addressed. 

We should not leave this connection to K-12 mainly or exclusive- 
ly or, indeed, at all to schools of education, but rather engage the 
faculty from across the university departments to aim their efforts, 
in part, at improving K-12 education. 

And, finally, we should encourage activities aimed at improving 
integration and coherence of particularly the freshman year 
courses in science and mathematics. 

We should, indeed, deal with this as a problem of attrition that is 
impacting at least half of the students that go into these fields in 
our universities in this country. 

Two years ago, there was a very useful conference — a very pro- 
ductive conference — at Michigan, called the Freshman Year in Sci- 
ence and Engineering. It's all too infrequently that faculty get to- 
gether across departments to talk about freshman curriculum. 

Finally, a recommendation to the government and, I think, ap- 
propriately directed to FCCSET and that is, to encourage culture 
changes in Federal, State and other agencies that fund and evalu- 
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ate institutions to focus on the above changes in universities. This 
is a quote taken from a very excellent report that was recently pro- 
duced by the National Science Foundation. 

The National Science Foundation, indeed, in my view, has gotten 
out in front by producing programs that are model programs for 
changing the focus from purely a focus on research to programs 
that support research in teaching and the delivery of curriculum. 

Thank you, Mr, Chairman. 

[The prepared statement of Dr. Pister follows:] 
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INTRODUCTION 

The mission statements of research universities in the 
United States typically embrace three areas of faculty 
activity: teaching, research and public service. 
Consequently, it follows that the criteria for evaluation 
and reward of faculty performance should cover the same 
areas of activity. What has this to do with the quality of 
und'^rgraduate science (and engineering) education? My 
response is "everything." Evaluation and reward of 
performance are strongly coupled to the improvement of 
undergraduate education. In what follows I will briefly 
develop an historical perspective for examining the 
contemporary research university to place the so-called 
"teaching vs. re*search" issue in a context that suggests 
courses of action. I will conclude with some 
recommendations for change, both at the level of the 
institution and the federal government. 

Some 35 years ago I recall a meeting of the faculty of the 
College of Engineering at Berkeley at which was discussed 
the following proposition: 

Should graduate students who were employed on 
research projects, and therefore paid a salary, be 
allowed to use the results of their research in 
fulfillment of the requirements for the thesis or 
dissertation? 

This question speaks of another era which contrasts sharply 
with the academic world today, and which sets a context for 
my remarks. It marked the end of an era during wliich the 
impact of federal support of research had a relatively small 
effect on undergraduate education, while at the same time 
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marking the emergence cf the "research university" of today. 
Among the some 3,000 institutions of higher learning in this 
country, ^^erican research universities have achieved 
undisputed success in research, service and provision of 
mass education. Notwithstanding this success, they have, in 
my view, acquired symptoms that are brought to mind by the 
following quotations: 

"The institutionizing on a large scale of any natural 
combination of need and motive always tends to run 
into technicality and to develop a tyrannical Machine 
with unforeseen powers of CKclusion and corruption." 

From a 1903 essay on the Ph.D. by William James. 

"Practices that be^in by filling needs become detached 
from their original purposes, even counterproductive to 
them. Having been adopted on a large scale, however, 
these practices take on a power of their Own. We place 
expectations on college and university faculty members 
that discourage them from devoting time to students and 
the classroom. Tyrannical machines dominate American 
education , " 

From Lynne V. Cheney's Na^iional Endowment for the 
Humanities Report, 1990. 

Whether or not tyrannical machines dominate, or simply skew 
the missions of research universities, there are such 
machines among us. Let me briefly sketch factors that have 
brought this about . 

AN HISTORICAL PERSPECTIVE 

The evolution of the mission of American universities has 
reflected important societal needs at critical times. The 
clear focus of the early colonial colleges was on the 
intellectual and moral development of a (male) student body, 
which would in turn contribute to the public good. Indeed, 
the newly appointed President of Harvard College, Charles 
Elliot, declared in 1869 that "the prime business of 
American prof essors ... must be regular and assiduous class 
teaching," Note that the term "research" does not yot 
appear in the mission statement. 

The Morrill Act of 1862 and the Hatch Act of 1887 provided 
unprecedented opportunities for states to develop a new kind 
of public institution that would support both education in 
the liberal arts as well as mechanical arts and agriculture. 
The dimension of productive service was added to the mission 
of public as well as private universities and their 
faculties. A dramatic change in the mission of American 
universities occurred during World VJar II as a result of the 
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federal government turning to acidemia to create a 
partnership needed to pursue the war effort. Following that 
wax.-, the establishment of the National Science Foundation 
and the expansion of support for research and graduate 
education by federal mission agencies set the stage for the 
shifting of the allegiance of faculty toward discipline and 
department instead of school and institution. Emphasis was 
increasingly placed upon pure research unencumbered by 
social determination or utility. At the same time, however, 
the question of access to higher education was being 
redefined and institutions were being moved from an 
"elitist" to 3 "universal access" system of higher 
education. The civil rights movement and consequent 
legislation added the elements of affirmative action and a 
commitment to diversity to the interpretation of the mission 
of universities and the work of faculty. 

THE RESEARCH UNIVERSITY AND S OCIE TY 

The national environment constitutes a sphere of influence 
on the affairs of universities that is profound. Just as 
the federal government turned to the universities during 
World War 11 to create teams to ensure survival of the 
nation, so are we (particularly schools of engineering) 
being mobilized once again, though with less clear an 
objective, to assist in waging the economic, war of global 
competitiveness and economic survival. Federal agencies 
have exerted substantial influence over both the content as 
well as the style of research and ser^/ice activities in 
which universities are invited to participate. The use of 
the word "invited" is a euphemism, for it is demonstrably 
impossible for a research university, whether public or 
private, to survive today without federal support. As noted 
in the historical overview, this state of affairs evolved 
after World War II, when the NSF was created and federal 
mission agencies became involved in the support of graduate 
education in the United States in a big way. Lest I might 
be misunderstood, I do not deplore this situation; indeed, 
it has produced the best university system in the world, 
witness its popularity among foreign graduate students, even 
if relatively unappreciated by our own domestic science and 
engineering students. What I wish to observe is that there 
has been an unmistakable, and probably irreversible 
intervention of the federal government into the affairs of 
our universities. There is no ivory tower, if there ever was 
one . 

A major impact that affects all faculty has been the 
pressure to become a productive scholar in the sense of 
discoverer and reporter of new knowledge. Sources of this 
pressure arc funding agencies, publishers of journals, 
universities themselves and faculty qua faculty. A vicious 
circle has boen created. Funding aqencies ar'^ d^^pendent. 
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upon their ability to defjino and secure resources to launch 
"new program initiatives." Faculty respondents to such 
procrams build tlieir cases before their peers, who make 
value judgments largely based upon evidence of intellectual 
capacity reflected in published papers. Publishers of 
journals, motivated by economics and prestige, are 
constantly seeking editors for new journals, which in turn 
require new manuscripts. Furthermore, research 

universities, and in increasing numbers, institutions that 
aspire to become research universities, frequently expect or 
require their faculty members to offset academic year salary 
in part from extramural sources, i.e., substitute research 
for teaching. 

Nor does this impact only the conduct of research. A direct 
concomitant has been the shift in faculty loyalty and 
allegiance toward geographically dispersed, discipline- 
defined peers and away from college or school and home 
institution. This phenomenon was quantified in the 1909 
Carnegie Foundation Survey in which it was found that 75^6 of 
the faculty at research institutions rated the sense of 
community at their institutions as fair or poor. In a real 
sense, disciplinary power lias diminished commitment to an 
institution as researchers look horizontally for 
recognition, impact and stimulation. In turn, universities 
have contributed to the process by emphasizing peer 
evaluation and departmental rankings. National rankings 
based upon media surveys have added to the problem. 

How do the faculties of American research universities feel 
about the milieu in which they carry out their work? Not 
very good, according to the 1989 Faculty Survey conducted 
by Ernest Boyer for the Carnegie Foundation for the 
Advancement of Teaching. In this survey 69% of faculty 
respondents at research universities agreed with the 
statement, "At my institution we need better ways, besides 
publications, to evaluate the scholarly performance of 
faculty." Furthermore, the survey calls attention to 
disturbing age-related concerns: 53% of those under 40 years 
of age reported that "...my job is the source of 
considerable personal strain...," 53% agreed that they 
hardly ever have time to give a piece of work the attention 
it deserves, and finally, ^3*^ of those under AO agreed that, 
"The pressure to publish reduces the quality of teaching an 
my university." 

These concerns are substantiated and emphasized in the 
recently published NSF report, "America's Academic Future," 
a report of the Presidential Young Investigator Colloquium 
on U.S. Engineering, Mathematics, and Science Education for 
the Year 2010 and Beyond. 

DIVERSITY IN COLLEGES AND UNIVERSITIES 
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In three years the states of California and Texas will have 
public high school graduating classes in which so-called 
minority groups of students will be in the majoriuy. An 
increasing number of states will join this group by the turn 
of the century. 

Placing this exhortation next to National Research Council 
1990 data on engineering doctoral degrees conferred shows 
the urgency that one must attach to the "people-side" of 
diversity : 

Of the 4,892 degrees conferred in 1990, the following 
characteristics appear: 

91.5% awarded to males 
39.1% awarded to U.S. citizens 
1.5% awarded to African Americans 
2.1% awarded to Hispanic Americans 

A recent AAAS report, "Investing in Human Potential" 
examined programs designed to assist minorities, women and 
people with disabilities to enter and complete science and 
engineering programs in 276 institutions. Their 
conclusioni., taken together with the data above and the 
demographics of our nation, place a clear imperative on all 
engineering educators. We can no longer afford to view the 
student pipeline problem as a marginal activity; we cannot 
afford to think that achieving diversity in our institutions 
and our profession can be accomplished by a process of 
assimilation into an existing, stable institutional 
configuration. What we badly need, in my view, is the will 
to examine, design and implement necessary structural 
changes in engineering education. 

Fortunately, there is really no lack of models for reshaping 
the way education can be approached. Programs such as MESA 
in California, along with similar programs in other states, 
are examples oi how university faculty and staff can work 
with teachers and students in K-14 to sustain the pipeline 
of students motivated and qualified to enter careers in 
science and engineering. The problem for these programs 
(not with such programs) is that they are mr3rg i nal ---bot h in 
funding and in occurrence. Such programs are needed for 
more schools and for all (not just minority) students. 

Common characteristics include motivation, group activities 
as opposed to "rugged individualism" in learning situations, 
setting high standards and y Is, and parental and community 
involvement, among others. 

At the university level a great deal can be Jearned from the 
experience of students at historically black institutions. 
An excellent example can be found in a recent paper. 



35 



"Preparing Minorities for Science Careers," by Carmichael 
and Sevenair, in Issues in Science and Technology (Spring 
1991) . This paper demonstrates the success of Xavier 
University in placing its graduates into mainline health^ 
professional schools during the past decade. While 
provision of a nurturing environment that emphasizes success 
instead of jumping through increasingly difficult hoops is a 
cornerstone of the program, some of their experience 
translates directly to science and engineering curriculum 
designers . 

As noted in the AAAS study cited above, there is a lack of 
understanding of diversity as an issue central to the 
academic core of our institutions. A second dimension of 
diversity has to do not with people but with institutions 
and their missions. Here again there is need for careful 
examination of structure and purpose, avoiding 
marginalizat ion . The 328 institutions offering engineering 
programs in this country should be encouraged to explore new 
directions and find new roles in the engineering educational 
system. 

"Mission diversity" is urgently needed in our engineering 
schools today. VJe need new role models to complement the 
so-called "research university" model. The nearly 200 
engineering doctoral institutions, with minor exception, are 
all aspiring to become a top 20 research institution. In a 
recent paper in Change entitled "The New Race to be Harvard 
or Berkeley or Stanford," Clark Kerr noted the following: 

All 2, 400 "specialized" institutions of higher education in 
the United States aspire to higher t hings ... These 
aspirations grow not only out of internal desires but also 
out of the expectations of members of their communities-- 
their alumni, their states, their related industries 
and professions. 

A consequence of this kind of race is discussed in a recent 
paper of NAE President Bob White. Writing in The Bridg e, he 
called attention to the mismatch in resources available and 
institutions and investigators vying for these resources. In 
his view, which I share, there is an over-emphasis on the 
production of engineering researchers, who increasingly must 
compete for very limited resources, at the expense of 
engineers advancing the state of professional practice, 
especially manufacturing. Similar conclusions may be drawn 
for other fields as well. 

SOME RECOMMENDATIONS FOR CHANGE TO STR ENGTH EN UNDERGRADUAT E 
EDUCATION IN SCIENCE AND ENGINEERING 



It is the view of many faculty, and I strongly share that 
view, that a central problem in the evaluation and reward of 
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faculty performance is the overly narrow view taken in 
assessing intellectual attainment and creativity, Ernest 
Boyer, in S cholarship Reconsidered / urges chat we move 
beyond the "teaching vs. research" argument and examine the 
quality of scholarship, assessed over four activity areas. 
He suggests that the work of the professoriate be thought of 
as comprised of four separate, yet overlapping functions. 
These are: 

scholarship of discovery 
scholarship of integration 
scholarship of application 
scholarship of teaching 

The term "scholarship of discovery" is typically equated to 
"research." The search for new knowledge will 

unquestionably remain at the core of the mission of a 
research university. Yet, Boyer contends: 

There ic need for scholars to work at making connections 
across the disciplines, placing specialties in larger 
cont.ext. Illuminating data in a revealing way, often 
educating nofKSpecia 1 ist s , too. 

This, he calls "scholarship of integration." 

"Scholarship of application" is embodied in the work of 
facult-y members that flows directly from their professional 
knowic'dge. It may be, but is not limited to, the innovative^ 
practice of a profession; it may be the application of 
knowledge to a consequential social problem. In evory 
instance, the same measures of accountability, as applied to 
the scholarship of discovery, are required. 

The "scholarship of teaching" moves well beyond the commonly 
accepted notion of the teacher as a classroom performer, or 
as a tutor of a single individual, for the mere transmission 
of knowledge. Teaching incorporates these activities but is 
concerned more broadly with the synthesis and extension of 
knowledge, i.e., the transformation of knowledge. It is 
GeJf-evident that much of what constitutes the scholarship 
or teaching goes on outside the classroom or st udent ~ f acult y 
conf crence . 

Tlie f^nculty of a.l 1 institutions of higher learning sharii, or 
should share, the responsibility for the synthesis, 
application and transmission of knowledge, i.e., tho 
scholarship of integration, application and teaching. The 
scholarship ol discovery is properly focused, though not 
o/.clus ivoly , in research universities. Efforts that 
<?ncouraq(j the former categories of' scholarship are most 
likely to improve the quality of undergraduate education. 
p:ff(nls that oncouraqe the scholarship ol discovery are Joss 
}ikoly to do so, although there can bo exceptions. The 
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reasons behind these assertions are clear and unassailable: 
institutional economic survival and prestige, as well as 
faculty prestige and honors, are directly related to the 
scholarship of discovery and are virtually disconnected from 
the other categories of faculty activity. 

To further emphasize the point, I quote from a Stanford 
faculty meirJber at a panel discussion on integrating 
teaching, research and community service {as reported in the 
Stanford Magazine , Dec. 1991): 

Faculty don't talk to each other about their public 
service. It doesn't count. It smacks too much of applied 
research--that' s the kiss of death." 

The value system currently in place in research universities 
is a product of both internal and external influences and 
pressures. The response of faculty, in my view, is both 
prudent and necessary for survival. Faculty are not the 
problem. Indeed, national surveys have made it clear that 
the majority of faculty in our research universities are not 
satisfied with the current value system for judging faculty 
perf ormance--one that is strongly biased in favor of 
scholarship of discovery, or "research." 

Federal funding policies are strongly coupled to the value 
system currently in place in our research universities. In 
particular, the National Science Foundation has already 
taken the lead in demonstrating how to change the culture in 
our institutions. For example, the Engineering Research 
Center Program placed emphasis on scholarship of integration 
and application. The Undergraduate Engineering Coalition 
Program emphasized both the diversity issue and the 
scholarship of teaching. The Directorate for Education and 
Human Resources is increasingly engaging university faculty 
to utilize their expertise and resources to improve the 
quality of undergraduate education, and equally important, 
K-12 mathematics and science education. In short, faculty 
in research universities are being encouraged to engage in 
scholarly activities aimed at improving instruction in 
mathematics, science and engineering. 

What response can be expected from our universities? If 
federal agencies follow the lead of the NSF and broaden the 
base of funding for universities to embrace the full range 
of scholarly activity, simple economics will dictate the 
response. An important concomitant will be increased 
attention to teaching and the integration and application of 
knowledge . 

I am persuaded that there is both interest and comn.itment 
among university faculty to make needed adjustments in 
allocation of effort among teaching, research and r-^ rvice. 
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I base this opinion on the data from Boyer's survey, a 
survey of 900 faculty at five University of California 
campuses and the enthusiasm evident at a 1990 symposium, on 
"The Freshman Year in Science and Engineering," held by the 
Alliance for Undergraduate Education under NSF sponsorship. 
There is a strong desire for a cultural change that places 
greater emphasis on coherence and integration of subject 
matter in undergraduate education-~outcomes that will flow 
from the scholarship of integration and of teaching. 

Before the question of "What will happen to the level of 
effort in scholarship of discovery?" is raised, let me 
respond. I hope and I expect that it will ease off, and I 
cannot consider this to be anything but a good thing for 
research universities and our nation, not to mention 
undergraduate students. There is no basis for continuing to 
force all of our faculty into the mold of '"discoverer " and 
reporter of new knowledge — there is neither the need nor the 
resources to make this possible at the rate at which it has 
been accelerating during the past few decades. What is 
needed is the encouragement of a full range of scholarly 
activities supported by federal and state agencies, together 
with appropriate evaluation and reward within our 
instit ut ions . 

Restoration of balance among the activities of faculty, as 
well as flexibility in permitting a range of career paths, 
must be the hallmark of the faculty reward system. Achieving 
balance at the level of the department, college or school-- 
rather than in individual faculty-should inform 
institutional policy. 

In closing I will draw on two statements crucial to 
effecting change in undergraduate education. The first 
appears in the NSF report cited above, while the second is 
found in the "Report of the Task Force of the University of 
California . 

1. Federal, state, and other agencies that fund and 
evaluate education must undergo as much of a change 
in culture as that of academe. 

2. Review of faculty teaching and evidence collected to 
document teaching performance should be broadened. 
Peer evaluation of teaching should be given the same 
emphasis now given to peer evaluation of research. 
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Mr. Thornton. Thank you very much, Dr. Pister, for an excel- 
lent summary of a very fine paper. I enjoyed reading that. 

Our next witness, Dr. Carlisle, is the Senior Vice President and 
Provost of Virginia Poly Tech Institute and State University at 
Blacksburg, Virginia. 

You are certainly welcome here, as a neighbor and as a great ed- 
ucator. I know that the regular chairman would want me to extend 
his best wishes to you as well. 

Dr. Carlisle, we'll make your prepared testimony a part of the 
record at this point, as though you had read it, verbatim, and ask 
you, please, to hit the high points of it. 

STATEMENT OP DR E. FRED CARLISLE, SENIOR VICE PRESIDENT 
AND PROVOST, VIRGINIA POLYTECHNIC INSTITUTE AND STATE 
UNIVERSITY, BLACKSBURG, VIRGINIA 

Dr. Carusle. Thank you very much, and good afternoon. 

I speak here from the perspective of the large public research 
and land grant university, and in that sense, I think I bring a 
somewhat different perspective. Of course, I speak primarily out of 
my own experience at such a land grant university. 

Also, even though ENG are the first three letters of my academic 
background, I am, in fact, an English professor. Whether that ex- 
plains the slightly different angle I will take here, I don't know. I 
would like to sharpen the issues. 

We are, I believe, in the late stages of a profound academic revo- 
lution in this country. In 1968, that long ago, Christopher Jencks 
and David Riesman identified that academic revolution and they 
said, very simply, this. 

''The American graduate school (or research university) has 
become the envy of the world, a mecca for foreign students and a 
model for foreign institutions. It has also become one of the central 
institutions of American culture. Both the best and the worst in 
undergraduate education emanate from it." 

I repeat that. In a sense, that's my theme, both the best and the 
worst emanate from this really rather grand achievement of the re- 
search university in the United States. 

In many respects, as I've suggested, very little, in my judgment, 
has changed since 1968. Now, the fruits of this revolution are, in 
some cases' very sweet and grand, and in other cases, they are, I 
beheve, bitter. 

Most of us recognize the benefits of the large research university, 
and I don't think I need to repeat those. They obviously preserve, 
maintain, and create basic knowledge, and so on and so forth. 

I think we are also beginning to understand the costs of this rev- 
olution — the costs of the achievement of the research university. So 
I say this, very simply. At its worst, the research model leads to a 
suffocating, disciplinary tjrranny. It reinforces nationalized profes- 
sions and individualized faculties. It leads to greater and greater 
attenuation of community and institutional bonds. 

It weakens institutional purpose — that purpose which is usually 
part of a university's individual tradition and history, part of its 
culture. It diminishes, at its worst, mind you, the impoi-tance of in- 
struction. 
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At its best, and I remind you of that, it is an extraordinary 
achievement. 

The solution, to what I see as a serious dilemma, if not crisis, is 
simple — at least it's simple to say, if indeed difficult to achieve. I 
cast that, really, as a question — a question that demands an 
answer. 

How can we, at major research universities, assure that under- 
graduates are taught well, learn effectively, and lead satisfying in- 
tellectual and social lives, and how can we, at the same time, sus- 
tain and enrich university research, strengthen graduate programs, 
and fulfill our broad responsibilities to the public? 

I make these generalizations both knowing that they are true 
and not true. There is a great deal of admirable, effective, devoted 
undergraduate teaching and concomitant learning occurring in re- 
search universities. 

But nevertheless, and even though I could cite you many depart- 
ments on my own campus, I think my basic claim about the best 
and the worst is correct. 

The balance of my testimony really speaks to three different 
topics — first of all, to undergraduate science education, then to the 
enrichment of undergraduate education, broadly, and finally, to 
means for changing the faculty reward system. 

I will cite primarily specific examples from Virginia Tech, be- 
cause I know those. They are concrete, and not because Fm making 
any special claims for Virginia Tech or trying to promote the uni- 
versity. 

The problems of undergraduate science education are rather well 
known, 

Mr. Thornton, Dr. Carlisle, we will accept very brief commercial 
endorsements of your own institution. 

Dr. Carlisle, Then, I should tell you about the beautiful Alleghe- 
ny Mountains, the wonderful new river, the fine — no Fm sorry. I 
will go on with the more studied part of my testimony, 

I would cite two kinds of examples regarding undergraduate sci- 
ence education. Let me assume that we understand what some of 
the problems, limitations, and even defects of those are. 

First of all, it seems to me, that there are a number of universi- 
ty-wide kinds of things we must do. My written testimony actually 
quotes President Vest. He said, I believe — I hope I'm right, he s 
here — ^to his faculty, '*Let me begin with one simple statement. Pro- 
fessors should profess. It is hard to think of anything more illogical 
than to become a university professor if one does not want to teach. 
So if you do not want to teach, you should immediately look for an- 
other job," 

I hope I'm accurate. 

Dr. Vest. You are. 

Dr. Carusle. Thank you. 

And how do we do this? It seems to me that across the universi- 
ty, we can (and have at Virginia Tech) revise our promotion and 
tenure guidelines so that, in fact, we emphasize teaching. We re- 
quire the demonstration of effective teaching much more broadly 
than we have in the past. 

Now, we can teach our graduate assistants how to not only be 
better and effective undergraduate teachers, but we can also pre- 
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pare them — ^we can socialize them, in effect — for entering the pro- 
fession of the future professoriate. 

There are also a number of examples related to undergraduate 
science education that I might cite that speak to programs, and I 
will mention only one. 

Our college of engineering is part of an NSF-funded coalition 
called ^'SUCCEED.** The SUCCEED Program is trying to revise in 
a fundamental way the way America's engineers are educated. 

It focuses on undergraduate programs, it focuses on bringing 
design into courses earlier, it will work toward more and more 
technology in computing in undergraduate engineering, and at the 
same time, it also intends to bring more women and minorities into 
undergraduate engineering programs. 

The next specific set of things. We have what we are calling a 
Virginia Tech plan for undergraduate education. It is a plan that 
has a number of specific examples, all of which are outlined in my 
written testimony. In a few seconds I will cite one or two. 

The basic assumption here is that as a research university, we 
have to enhance and revitalize our commitment to undergraduate 
education in that context, in terms of that history. We cannot 
return a state university such as ours to an era before all of these 
changes, all of these achievements of the research university oc- 
curred. 

So, among many other things we have, in fact, revised fundamen- 
tally our liberal education requirement for all students. It benefits 
science students. It benefits all undergraduates. It continues the 
importance of students taking science and mathematics, and it also 
provides an opportunity for engineering and other technological 
disciplines to provide liberal education courses. 

We have established with state funding a new center for excel- 
lence in undergraduate teaching. We have allocated clearly addi- 
tional positions to undergraduate education, and we have assigned 
administrators with responsibility for the improvement of under- 
graduate education. As I mentioned, we have revised the promotion 
and tenure guidelines, and there are other examples as well. 

We have also introduced what we are calling the Virginia Tech 
plan for reforming the reward system, or what I call, and many of 
my colleagues across the country call ''promoting multi-dimension- 
al excellence.** 

My testimony outlines in far greater detail than you would like 
me to summarize here a specific set of actions that engage the fac- 
ulty, department heads, deans, and the university administration 
in discussions about the reward system, about the expectations we 
set for people, about how we will evaluate them. 

It's a two year project-necessary, I think, in order to affect the 
underlying culture of the research university. It is not something 
that is simply superficial. 

I do believe that we are in a crisis. My colleagues, occasionally, 
claim that I exaggerate the statement, but I do believe it's a crisis. 

I do believe we are at least in a real dilemma. How are we going 
to achieve the new balance between teaching research and, I might 
add, public service? 

We have good models in universities. We have a number of con- 
crete actions that have been taken, and so obviously, I'm optimistic 
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UNDERGRADUATE EDUCATION AND THE REWARDS SYSTEM 
AT RESEARCH UNIVERSITIES 



Congressman Boucher, Members of the Sub-Committee: 

Good afternoon. My name is Fred Carlisle. 1 am Senior Vice President 
and Provost at Virginia Polytechnic Institute and State University -also 
known as Virginia Tech. With me are Dr. Gary Hooper, Vice Provost for 
Research and Dean of the Graduate school and Carol Burch-Brown, 
Associate Provost for Undergraduate Programs at Virginia Tech. 

1 appreciate this opportunity to speak to you about the vital issues of 
concern to the Sub-Committee. These matters are critical to Higher 
Education. They are the focus of significant change at Virginia Tech. 

During my remarks. I v/ill comment on the state of undergraduate sci- 
ence education, but given my work with colleagues across the country 
to reform the faculty reward culture, 1 would like to speak, as well, about 
the faculty reward system and the several issues you have associated 
with It ~ the way the system may be biased toward research, the way 
the system functions in faculty promotion and tenure decisions, the 
means we use to evaluate faculty achievements, and the ways we are 
working to reform undergraduate education and establish more appro- 
priate balances among teaching, research, and outreach. 

There has been an academic revolution in this country. It began over 
40 years ago. We are now experiencing its fruits. Some are sweet, and 
some are bitter. We are also In the midst of a crisis brought on by that 
revolution. As far back as 1968, Christopher Jencks and David 
Riesman. in a book titled. The Academic Revolution, defined both the 
marvels and the costs of the dramatic changes in Universities. "The 
American Graduate School [or research university] has become the 
envy of the world, a mecca for foreign students and a model for foreign 
institutions. It has also become one of the central institutions of 
American culture. Both the best and the worst in undergraduate edu- 
cation emanate from It." In certain respects, very little has changed. 

Most recognize the benefits. The American graduate school, or re- 
search university. Is a great achievement, and we can be justifiably 
proud of what has emerged. The research university preserves and 
maintains basic knowledge and programs. It creates new concepts, 
philosophies, arts, and technologies. It transfers new concepts and 
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technologies to industry and governnnent. The Research University at- 
tracts supplemental funds in large amounts as well as other material 
resources. It educates and trains graduate and professional students 
and it certainly enriches the education of undergraduates. These ben- 
efits stand, they are very real, and I would defend thenn over and over. 

We are beginning, as well, to understand nnore clearly the costs of the 
achievement. For too long, graduate schools have focused too much 
on research and scholarship and the professional aspirations of faculty. 
For too long, research universities have devalued undergraduate 
teaching. Research has become the premier activity in Universities. It 
has been the path to greatest advancement and prestige. 

At its worst, this model leads to a suffocating, disciplinary tyranny. It 
reinforces nationalized professions and individualized faculties. It leads 
to greater and greater attenuation of community and institutional bonds. 
It weakens institutional purpose - that purpose which Is part of the 
university's tradition and history, part of its culture. It diminishes, in 
short, the importance of Instruction. 

At Its best, the American research university is an extraordinary 
achievement. These institutions dominate international research in 
science and engineering and educate by far the largest numbers of 
science and engineering doctoral students in the world. Currently, Re- 
search I and II Institutions (Carnegie Categories) represent only 5% and 
2% (respectively) of all Institutions offering science and engineering 
undergraduate degrees. Yet they award two thirds of all national sci- 
ence doctorates, three quarters of engineering doctorates, and over 
50% of all social science and psychology doctorates. These same uni- 
versities are the source of about two thirds of those students who go 
on ►to receive all doctorates. 

It Is Important to acknowledge, as well, that American graduate and 
research universities prepare significant numbers of advanced degree 
holders in the humanities, social sciences, and the professions. More- 
over, research universities like Virginia Tech - large state land-grant 
universities - educate huge numbers of undergraduates - 30%. for 
example, of all science and education bachelor's degrees. And where 
it's done right, those students learn in a stimulating environment where 
the science and engineering programs - and others as well - are cur- 
rent and active in discovery and the advancement of their fields. 
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Nevertheless, there is a serious dilemma and crisis. Both the best and 
the worst of undergraduate education flow from research and graduate 
institutions. 

The solution in certain respects is simple -- at least it is simple to de- 
scribe, if difficult to achieve. The research universities must make cer- 
tain that we fulfill al] of our primary responsibilities in teaching, 
research, public service, and outreach as well as we have been ac- 
complishing our research missons. Cast as a question: How can we 
assure that undergraduates are taught well, learn effectively, and lead 
satisfying intellectual and social lives, ant^ now can we. at the same 
time, sustain and enrich university research, strengthen graduate pro- 
grams, and fulfill our broad responsibilities to the public? A daunting 
order - but society asks It of us. Therefore, we simply must find the 
answer. 

I make these broad generalizations knowing well that what I'm saying 
Is true and not true. That Is not a contradiction, simply a paradox. 
Large universities are very different from one department to another. 
There is a great deal of admirable, effective, devoted undergraduate 
teaching and concomitant learning occurring in research universities. 
Just last week, for example. I visited Virginia Tech's Department of 
Biochemistry. The Department enrolls 250 undergraduate major*: and 
30 graduate students. It's one of the largest biochemistry programs In 
the country. The faculty integrates undergraduate instruction, graduate 
study, and faculty research very well. The department provides a clas- 
sic example of how greatly undergraduates can benefit from depart- 
ments with strong research and graduate programs. Even so - and I 
could find many other examples across the Virginia Tech campus of fine 
undergraduate teaching - my basic claims, about the best and the 
worst, e.g., are correct. Therein lies the problem and the challenge. 

The balance of my testimony will speak more to answers or solutions 
than to problems. After all, that is what we are all interested in ~ what 
is being done and should be done to improve the situation. I will cite 
examples largely from my own institution, less to promote Virginia Tech 
than to show you specific action for change. I will speak to under- 
graduate science education, to the Virginia Tech plan for al] under- 
graduates, and to the reward system. 
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2. 

Undergraduate Science Education 



Problems; 

Even though recent data shows an Increase in bachelor, masters and 
doctoral degrees in the sciences and engineering in the past decade, the 
issue of the quality of these degrees remains, \ would like to cite briefly 
a series of concerns. 



1. Most undergraduate institutions offer fewer and fewer "hands-on" 
laboratory experiences and depend increasingly upon large lectures. 

2. It has been difficult for colleges and universities to maintain state 
of the art instructional equipment, and it is not unusual for graduates 
entering the work force to find the equipment they are expected to 
use as professionals much more sophisticated than that they used 
as undergraduates. Were it not for Virginia's extraordinarily helpful 
Equipment Trust Fund. Virginia universities would be hopelessly 
behind. Next year, there will be $40M available - $8M for Virginia 
Tech alone. The fund is intended to provide equipment for Instruc- 
tion. 



3. A more important matter is how we are teaching. In the face of an 
information explosion, we persist in a curriculum emphasizing 
mastery of discipline detail. We seem more interested in the ability 
of students to give us the "correct" answers than in teaching them 
how to think and how to formulate questions of their own. At a time 
where science problems are complex, we still concentrate on the 
part, and not the whole, and have little regard for teaching that 
causes students to learn together. We also have not utilized, nearly 
as much as we should, a variety of teaching technologies now 
available^ At best, we have integrated them very slowly into our 
physical and natural science curriculum. A Virginia Tech report, 
"The Impact of Digital Technology on the Classroom Environment," 
established the University as a national leader in thinking about the 
issue. Yet. we have a great deal to learn from our own study. 
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4. And finally the basic problem of the culture and the reward system. 
Since research oftentimes results in greater rewards than teaching, 
many faculty over the years have placed their priorities and efforts 
on research. Too often, as a result, important classes have been 
increasingly taught by junior faculty and graduate assistants, partic- 
ularly the critical introductory classes in science. 

The problem with undergraduate science education results from a 
combination of circumstances: 1) poor early preparation and motivation 
in our pre-college education, 2) inadequate teaching facilities and 
equipment, 3) out of date teaching techniques, and 4) an imbalance 
amongst research and scholarship, teaching, and public service priori- 
ties. 

Solutions. 

Colleges and universities cannot redress all of the problems -- espe- 
cially those in pre-college education. They can, however, establish 
closer ties with community colleges and K-12 schools. These relation- 
ships can range from added training and support of existing teachers 
and courses to shared curricula. In some cases, early identification of 
students inclined to science can lead to advanced placement programs, 
summer research experiences, and other direct associations. 

More importantly, colleges and universities can equip the next gener- 
ation of elementary and high school teachers with sound training and 
a new approach to curriculum and pedagogy. Since most high school 
science texts are written by college and university professors, university 
faculty could write a new chapter in science education by revising these 
texts and workbooks. 

As important as these activities are. we have more direct control over 
college and university science and engineering education. We need to 
re-affirm our responsibilities for teaching and for student learning. 
Charles M. Vest. President of M.I.T., and one of the Panel members to- 
day, recently admonished his faculty: 

. . Let me begin with one simple statement. Professors should 
profess. It is hard to think of anything more illogical than to be- 
come a university professor if one does not want to teach. So If 
you do not want to teach, you should immediately look for another 
job." (Colloquium Address. Nov. 5. 1990 - as cited in America's 
Academic Future - NSF 1992). 
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Direct and succinct. President Vest's message is - must be -- compat- 
ible with the role of research universities. 

Our mission also Includes public service and outreach. We have not 
recognized this satisfactorily in our expectation and reward system. 
Ernest L. Boyer, in his recent report. "Scholarship Reconsidered." notes 
that: 

"At no time in our history has the need been greater for connecting 
the work of the academy to the social and environmental challenges 
beyond the campus. And yet, the rich diversity and potential of 
American higher education cannot be fully realized if campus 
missions are too narrowly defined or if the faculty reward system 
is inappropriately restricted. It seems clear that while research Is 
crucial, we need to renewed commitment to service, too. 

Thus, the most important obligation now confronting the nation's 
colleges and universities is to breaK out of the tired old teaching 
versus research debate and define. In more creative ways, what is 
means to be a scholar. It's time to recognize the full range ^f fac- 
ulty talent and the great diversity of functions higher education must 
perform . . ." 



At this point, it may be helpful to cite a number of concrete examples, 
to show possible solutions. 

1. Virginia Tech. has recently revised the criteria for Promotion and 
Tenure. We (and I expect other »;ni^'ersities. as well) can rather 
skillfully represent and evaluate research and scholarship. We have 
been doing It for years, and everyone, so to speak, knows that re- 
search is what counts and that you can't evaluate teaching, anyway. 
The new guidelines require faculty and department heads to evalu- 
ate teaching effectiveness in a number of ways and ask them to 
place that section first In Promotion and Tenure dossiers. Except In 
Cooperative Extension assignments, we have done an abysmal job 
of defining, evaluating, and rewarding public service and outreach. 
Our new guidelines not only allow faculty achievement to count, they 
also require more thorough documentation and demonstration of 
effectiveness. 

2 The University assigns many exceptional graduate students to in- 
struction. To assure their competence, we have developed an ori- 
entation and education program In teaching method and philosophy. 
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It also speaks to research and the profession. The program not only 
helps prepare informed and effective graduate assistants: it also 
begins the education of the future professoriate. 

3. The University has just completed a substantial revision of the Uni- 
versity's liberal education requirement. Science and math occupy 
a critical portion of that curriculum, and technology - if the faculty 
so wishes - may play an important part in the core curriculum, as 
well. All students will continue to take courses in science and 
mathematics. 

The Head of the Chemistry Department recently wrote: 

"While one mission of a chemistry department is to prepare stu- 
dents for careers In chemistry, this is certainly not the only one. 
In terms of sheer numbers more non-chemistry majors will take 
chemistry courses than majors. These non-major students have a 
variety of backgrounds and reasons for taking chemistry. Much has 
been written lately about the need to expose science and engi- 
neering students to arts and humanities. The other side of the coin, 
though, is perhaps equally important: in these days of great tech- 
nological changes, everyone must be sufficiently versed in the sci- 
ences to be able to grasp important science-based issues and make 
informed judgments." 

4. Colleges and universities must re-examine their teaching philoso- 
phies and specific major programs in science and engineering. The 
Virginia Tech college of Engineering has become part of the NSF- 
sponsored educational coalition, "SUCCEED," which is trying to re- 
shape the way America's engineers are educated. This group of 
eight southeastern engineering colleges plans to develop and im- 
plement curriculum changes with a focus on integrating engineering 
design into all subject areas and on breaking down the academic 
barriers which too often separate engineering studies from science, 
math, and the humanities. 

"SUCCEED" also Intends to increase the enrollment and retention 
of minorities and women in engineering and to fully utilize the po- 
tential of the Virginia Community College System as a source of 
engineering students. A program called "Partnership in Engineering 
Education" will unite the college with its community college 
counterparts around the state and throughout the southeast. 
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Consistent with the necessity of integrating new pedagogical tech- 
nology into progranns. "SUCCEED" has established a "Center for 
Technology and Connmunication" at Virginia Tech which will assist 
the entire coalition in developing multimedia labs for instruction. It 
will examine, as well, ways to better use satellite and other distance 
learning technologies. 

5. The Physics Department Is pioneering the use of mathematics and 
physics software and computer simulation capabilities to enhance 
classroom and laboratory experiences. Working with the private 
sector, the Department has become a test site for CUPLE, a com- 
puter simulation and multimedia program. 

6. Finally. I would like to address the appropriate training and orien- 
tation of the next generation of teachers, educators and professors. 
As these individuals assume positions in school districts as ele- 
mentary, middle and high school teachers and as college faculty, 
real change can and must occur. 

I cite simply one further example of science education from Virginia 
Tech as a type of what can be done. The Department of Geological 
Sciences is engaged in a cooperative venture with the College of 
Education and the Virginia Association of Science Supervisors and 
the Virginia Association of Science Teachers - VASS and VAST, 
They are seeking to train both existing and future middle and high 
school teachers in current Earth Science topics. The Department 
Head states: 

"Both ' ^SS and VAST have stressed that they feel the state needs 
more properly trained earth science teachers and programs to help 
those wno are presently handling such courses. This Is especially 
important as we face increasing concerns about such items as re- 
source availability, environmental degradation, clean water avail- 
ability, coastal erosion, acid rain, power generation, and waste 
disposal and ground water pollution. We have recognized that our 
department has heretofore not addressed the potential for meeting 
the needs of students who show desire to teach earth science in the 
high schools and middle schools. Accordingly, we have had faculty 
discussions for the past several weeks, and our Curriculum Com- 
mittee prepared a proposal for an "Earth Science Education Pro- 
gram." 
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3. 

The Virginia Tech Plan for Undergraduate Education. 

Since our society depends to such a great extent on the continual de- 
velopment of new technologies and new knowledge, universities -- and 
in particular research universities -- are at the heart of some of the most 
essential processes of change in American culture. The fundamental 
Identity and character of public research universities has been largely 
shaped by the larger currents within American life -- rather than in 
isolation from them. The development of the research university is. 
therefore, as much a product of changing societal priorities as is the 
current call for a "restoration" of balance between research and leach- 
ing. The current challenge cannot, however, be answered by returning 
to the past and recreating the undergraduate environment prior to the 
growth and transformation of state universities. The social, demo- 
graphic, economic, and cultural realities which shaped American edu- 
cation in the past have all changed. Something new is needed. Along 
with others, we are trying to answer a series of questions in order to 
achieve the "something new." 

• What does the environment of the research university mean for 
progranns of undergraduate education, particularly for the focus and 
quality of undergraduate teaching? 

• Is the research university context compatible with the needs of a 
culturally diverse population of 18-21 year-olds for a basic under- 
graduate education? 

• \\i.«t is an adequate basic education as we enter the 21st Century? 

• How can we maintain an effective balance between instruction and 
research and reward faculty for their contributions to both these 
nnissions in the midst of economic instability and often of permanent 
reduction in resources? 

At Virginia Tech, we have undertaken a number of measures to 
strengthen undergraduate education. We are forging a dynamic ap- 
proach to undergraduate education which builds both on the character 
of the school as a research institution and on the traditional charge to 
land grant institutions to be the "universities of the people." As a public 
institution, we serve a student population which is talented - but not 
usually wealthy - and bright -- but with wide variations in educational 
and cultural backgrounds and In its preparation for college level-work. 
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Some Virginia Tech students are naturally nnotivated and prepared to 
take advantage of this opportunity. Many are not. The great challenge 
presently facing public research institutions is not primarily to ask fac- 
ulty to teach more undergraduate classes (although that is often the 
public perception); it is. instead, to galvanize faculty intelligence toward 
creating and sustaining learning environments which support and mo- 
tivate a high level of student effort throughout the institution. Doing this 
requires faculty at all levels and ranks to work collectively, rather than 
primarily as individual researchers, scholars, advisors, or even instruc- 
tors. 

Like most research universities, Virginia Tech has many fine teachers, 
most of whom have received the best graduate training available in their 
disciplines. 1 want it no other way. But the prevailing culture in re- 
search universities encourages faculty members to give their primary 
intellectual allegiances to their national research organizations and 
networks rather than to the Immediate university. To the extent that 
satisfactory learning communities are created in this context, they are 
often established at the graduate level - rather than the undergraduate 
- where students share a high level of motivation and commitment to 
learning which is. not surprisingly, similar to that of the faculty. 

In the reform of undergraduate education at Virginia Tech. we are trying 
to learn from the success of our graduate programs and from our 
knowledge of the deep level of engagement faculty have with their dis- 
ciplines What becomes immediately clear is 1) that faculty willingly 
commit themselves to work on Issues which they perceive as having 
genuine and significant intellectual content and 2) that students and 
faculty develop effective learning communities only around issues of 
common concern. We are relying on these two rather obvious but es- 
sential Insights to Inform a variety of initiatives in the undergraduate 
program. 

1. Reform of the structure, curriculum, and pedagogy of the University 
Core Curriculum - the liberal education requirement. The new Core 
defines an exemplary program of liberal education which is designed 
to serve students and faculty into the next century. Literally hun- 
dreds of faculty members participated in discussions about the Core 
and made recommendations for change. The new program defines 
the intellectual purposes of the core curriculum In the unique context 
of our university and redefines each area of study In those terms. 
It has been formally adopted by the university The community has 
now entered a period of significant undergraduate curricular and 
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pedagogical reform. The process has engendered a new sense of 
vitality and interest in the undergraduate program among senior as 
well as junior faculty. We are, in a real sense, engaged In changing 
the institutional culture with respect to connections between re- 
search and undergraduate teaching at Virginia Tech. 

Beyond revitalizing courses in traditional areas of liberal arts and 
sciences, the new program creates a means through which the fac- 
ulties in Engineering and the professional colleges may participate 
in the liberal education curriculum. The new core establishes a vi- 
sion for liberal education and a means of achieving that vision which 
is appropriate for our Identity as a research and land-grant insiitu- 
tion. 

2. Establishment of a Center for Excellence in Undergraduate Teaching. 

Maintaining the vitality of the curriculum is only one part of 
strengthening the undergraduate program. Sustaining an environ- 
ment which supports and rewards effective teaching is equally im- 
portant. The Center for Excellence in Undergraduate Teaching will 
provide a university-wide base for a wide range of faculty develop- 
ment and classroom research projects, and its programs will be led 
by faculty. Some Fellows of the Center will help prepare new faculty 
for undergraduate teaching and provide consultation for departments 
involved with improving teaching effectiveness. Others v/ill guide 
curriculum development related to new areas in the University Core 
Curriculum and the University's new Writing Program. The Center 
will also serve as a "think tank" on a variety of different issues. The 
Center faculty, e.g., might assist the university and administration 
think about the most effective ways of rebalancing the reward sys- 
tem. 

3. Allocation of additional positions for undergraduate instruction and 
the core curriculum. During the recent budget crisis in Virginia, the 
University has given the undergraduate program and the core cur- 
riculum a very high priority by allocating a number of new positions 
to these areas. These are controversial, but crucial, decisions - 

both to serve students well and to make necessary Institutional * 
changes. The administration has made public commitments to the 
undergraduate program. These have been accompanied by the ap- 
pointment of Individuals specifically charged with undergraduate re- 
sponsibilities -- including and Associate Provost for Undergraduate 
Programs, a new Honors Director, and staff members in key aca- 
demic support units. These staff members are deeply and visibly 
engaged with the undergraduate programs throughout the university. 
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4. Establishment of innovative new programs to reward and recognize 
departments and groups of faculty members. Most of our rewards for 
excellence - whether in teaching, research, or academic advising -- 
are based on individual achievement and merit. Yet the health of the 
undergraduate program surely depends as much on the collective 
commitment of faculty members in a given department as it does on 
the exemplary v^ork of key individuals. Decisions, for example, 
about the use of resources, the distribution of teaching responsibil- 
ities, released time for research and other projects all have an im- 
pact on the program's undergraduate program. At Virginia Tech. 
we are establishing several major annual awards which will go to 
departments and academic units which maintain an exemplary 
teaching and learning environment both for students and faculty. 
Public honor and reward of collaborative and collegial activity by 
faculty and department heads is important to building the momentum 
of the undergraduate program. 

5. Revision of the promotion and tenure guidelines. Promotion and the 
awarding of tenure is perhaps the strongest single message the 
university sends about its priorities and sense of identity. Virginia 
Tech. like other major research institutions, has very high expecta- 
tions of faculty in the area of research and scholarship. We believe 
this is appropriate to the mission and potential of the university. 
We also are setting high expectations for achievement in teaching, 
advising, and public service - as I indicated earlier. 

6. Changes in academic policy to improve retention. Some students 
come to the university prepared to take advantage of the unique 
opportunities it offers them. But many do not. Large public re- 
search universities have both strengths and limitations in trying to 
help students who are not performing up to their level of ability or 
who are trying hard but are ill-prepared for university-level work. 
On the one hand, we are large enough or offer many support ser- 
vices and academic programs. On the other hand, it is too easy for 
students who are in trouble to be overlooked. Virginia Tech has just 
completed a major study of student retention. We are implementing 
changes related to this study. 

7. Strengthening of the University Honors Program. Over the last two 
years the number of students participating in the University Honors 
Program at Virginia Tech has more than doubled, and the program 
has become one of the most important sources of new ideas for the 
undergraduate programs as a whole, thanks to the energetic and 
imaginative leadership of its director and participating faculty. The 
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Honors Program has been directly linked to the core curriculum 
through the development of special approaches to standard, non- 
honors courses as as through special sections of core courses. 
The innovations Introduced through the Honors Program will Influ- 
ence the larger curriculum, so that many students are benefited. 

8. Keeping undergraduate programs and issues before the faculty and 
the university community. The central administration and the deans 
have taken public and visible leadership roles in focusing the at- 
tention of faculty and staff on undergraduate Issues and in providing 
support for faculty initiatives. 

4. 

The Virginia Tech PJan for Reforming the Reward System: Promoting 
Mulit-Dimensional Excellence. 

Virginia Tech is engaged In a broad reappraisal of the faculty reward 
structure of the university: the processes, activities, and indexes 
through which we encourage and evaluate faculty participation in the 
various missions of the university. We are searching for more effective 
and appropriate ways of rewarding mufti-dimensional excellence in 
faculty achievement and contribution. The need to promote good 
teaching and service through the reward system of the university is 
widely recognized both within and outside the academy. It is a topic 
which has been raised In significant ways at Virginia Tech through 
public statements from the President and Provost and through specific 
actions, such as revising the promotion and tenure guidelines to de- 
scribe more clearly the value we place on teaching. We have endowed 
two professorships connected to teaching and have established an in- 
novative new award related to these chairs, the Diggs Teaching Scholar 
and Roundtable. which gives our faculty an opportunity for public di- 
alogue between some of our exemplary teachers and well known com- 
mentators on higher education in America. 

We are joining with other universities in the Commonwealth and with 
institutions across the country to promote multi-dimensionaf excellence. * 
Universities in the Big Ten. the Council on Academic Affairs of National 
Association of State Universities and Land-Grant Colleges, and the 
American Association for Higher Education are leading the movement. 



Virginia Tech's project will focus on people in three academic sectors 
of the university most directly concerned with the faculty reward struc- 
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ture: the faculty, central administration and deans/department heads. 
Each will be called on at specified intervals to provide leadership: at 
other points each will follow the lead of others. What is desired is a 
collegial process in which all constituencies - whether faculty or ad- 
ministration - have a stake. 

In the arena of faculty rewards. Departments and colleges need to be 
able to perceive themselves as changing with the institution, rather than 
in isolation from it. Thus, the focus of this project is on cultural change 
in the larger university environment. 



The Plan. Year 1, 1992/93 

1. Spring. 1992 

The President and Provost announce several related initiatives: a 
Funds for Excellence ' project to examine the faculty reward system, 
the establishment of the new Center for Excellence in Undergraduate 
Teaching, and the initiation of new major awards of $12,000 each for 
departments which create and sustain exemplary learning and 
teaching environments for both students and faculty. 

2. Spring, 1992 

General guidelines for the new award will be drawn up. The focus 
of the award will be on the quality of the teaching and learning en- 
vironment which is fostered by the department as a whole. 

3. Summer, 1992 

A Faculty Seminar will be convened for an intensive two week pe- 
riod during the summer to study and consider the faculty reward 
system here. The group will be charged to write a position paper 
by the end of the seminar on the reward system. The seminar will 
be limited to 10-12 influential and respected faculty members, care- 
fully selected to encompass the range of commitments and varied 
points of view about faculty rewards which predominate at Virginia 
Tech. 

4. Fall, 1992, before classes begin. 

The annual fall Deans' Retreat will focus on the faculty reward sys- 
tem. A substantial part of the discussion will be guided by members 
of the Faculty Seminar, using the position paper which they wrote 
earlier in the summer along with other readings and materials. The 
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deans will write short individual responses to the position paper, 
which will be shared during the retreat. The Faculty Seminar paper 
and the deans' responses will subsequently be used by the depart- 
ment heads in each college as a framev/ork for examining how the 
reward system functions in the context of their own departments, 

5. Fall, 1992 

Current baseline information about how faculty perceive the reward 
system will be collected through a faculty survey, utilizing questions 
developed by the Faculty Seminar during the course of its study in 
the summer. 

Based on results of the survey, we can determine at least in a gen- 
eral way the degree of change we wish to create in the cultural en- 
vironment with respect to faculty rewards. We will repeat the survey 
at the end of the biennium. comparing the attitudes and perceptions 
of faculty groups who have participated in projects designed to 
modify the reward system in their departments to the larger faculty 
population. 

6. Fall. 1992 

The President's Fall Administrators Conference will focus on the 
evaluation of teaching, which is a key element of the promotion and 
tenure process. 

7. Fall term. 1992 

The Dean's Council and the Faculty Seminar will select a group of 
18 department heads to respond to the developing corpus of opinion 
and perspective which has emerged thus far frc*^ the discussion and 
survey of the faculty reward system. In effect, the department heads 
will have the benefit of stated but exploratory points of view both 
from the faculty and from the deans as they consider the issues at 
the department level. 

This group of department head^ will be charged to initiate two re- 
lated projects during a three day retreat toward the end of the Fall 
term or the beginning of the Spring term. They will use the faculty 
seminar position paper, the dean's responses, results of the faculty 
survey, selected articles, and opinion solicited from colleagues prior 
to the retreat as a background for these projects. These department 
heads and their faculty will become leaders in their colleges in de- 
veloping approaches to faculty rewards which are responsive to a 
wider range of faculty excellence in teaching, scholarship and ser- 
vice. 
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8. Spring. 1993 

Options developed during the department heads retreat will be se- 
lected for Implementation on a trial basis by their faculties, with in- 
put and planning assistance from the Deans. During the spring 
term, department heads will work v/lth the faculty to plan the 
projects and determine how their impact will be evaluated. College- 
level discussion of the progress of these projects will occur on a 
periodic basis at department heads' meetings. 

9. Spring term. 1993 

The first $15,000 departmental award will be given for fostering an 
exemplary teaching and learning environment for students and fac- 
ulty. An article about the winning department will appear in Virginia 
Tech Magazine. The department will be recognized at a reception 
sponsored by the Provost's office. 

10. Spring term. 1993 

The first class of Fellows (for 1993/94) of the Center for Excellence 
in Undergraduate Teaching are selected on the basis of proposals 
submitted for a variety of curriculum and pedagogical enhancement 
projects. These individuals will receive stipends or released time 
and other direct (university-level) support for their projects. 

Year 2 

1. Summer. 1993 

A two year evaluation Is done of the effects of the revised P & T 
guidelines on the promotion and tenure processes during 1991/92 
and 1992/93. 

2. Summer and Fall. 1993. continuing through Spring. 1994 
Experimental projects in faculty rewards which were initiated during 
the department heads' retreat are implemented in at least one de- 
partment In each of the smaller colleges and two departments In 
each of the larger colleges. Departments participating In these 
projects may hold one or two day-long retreats with faculty to initiate 
the projects. 

3. Summer and Fall terms, 1993 

The 1993 Fellows of the Center for Excellence in Undergraduat3 
Teaching will initiate their projects. 
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4. Fall. 1993 

The President's Fall Administrators Conference will focus on the 
faculty reward system, reporting on the significant in-house work 
which has been done to that point. The conference will include 
outside speakers, as well. 

5. Spring. 1994 

A one-day, Invitational, statewide symposium on the faculty reward 
system will be held at a central location in April. Four-person 
teams of key administrators and faculty members will be invited from 
each of the research institutions in the state. The symposium will 
focus on broadening the prevailing concept of scholarship and on 
efforts being made around the state to reward multi-dimensional 
excellence, including reports on the projects at Virginia Tech. 

6. A follow-up survey will be conducted of faculty attitudes toward the 
reward system, with comparisons made to the baseline Information 
from Fall 1992. Comparison will also be made of faculty attitudes 
among those participating and not participating in current exper- 
imental projects related to faculty research (many of these projects 
will continue past the biennium). The survey will assist us in eval- 
uating the faculty rewards project. We will look for indications of 
whether faculty believe a shift has occurred, in the balance of the 
reward system with respect to teaching, research and service. 

7. Summer. 1994 

The project will be evaluated by participants and a report will be 
submitted to the Provost and President on the future of faculty re- 
wards at Virginia Tech. This report will figure in subsequent uni- 
versity, college, and department level planning. 

8. Presentation of the project will be made at a national conference on 
education, such as AAHE. AAC, or NASULGC. 



Issues related to faculty rewards cut across a broad spectrum of the 
university's missions and culture. Including, but not limited to under- 
graduate education. We have begun several initiatives at Virginia Tech 
which will place more emphasis on the role of faculty as members of 
the larger university community, including changes in our governance 
system as well as greater emphasis on undergraduate teaching and 
significant reform of the University Core Curriculum. The faculty reward 
culture must be modified throughout the entire university if various 
forms of faculty development, shared governance, and greater emphasis 
on teaching and service are to be successful. 
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Mr. Thornton. Thank you very much, Dr. Carlisle. 

Dr. Ferguson, who is the President of Grinnell College, Grinnell, 
Iowa, and representing not only that institution, but the Associated 
Colleges of the Midwest, Great Lakes Colleges Association, and the 
Central Pennsylvania Consortium. 

It's a delight having you with us. Dr. Ferguson. Without objec- 
tion, your prepared testimony will be made a part of the record, 
and Td like to hear your summary of that testimony. 

STATEMENT OF DR. PAMELA A. FERGUSON, PRESIDENT GRIN- 
NELL COLLEGE, GRINNELL, IOWA, REPRESENTING ASSOCIAT- 
ED COLLEGES OF THE MIDWEST, GREAT LAKES COLLEGES AS- 
SOCIATION, AND CENTRAL PENNSYLVANIA CONSORTIUM 

Dr. Ferguson. Thank you very much. 

I also speak today not only as the president of one of the Na- 
tion's select liberal arts colleges, but from the perspective of one 
who is familiar with the educational environment at both research 
universities and liberal arts colleges. 

My career as a research mathematician began as an undergradu- 
ate at Wellesley College. My doctorate is from the University of 
Chicago. I taught at Northwestern University, and for the 21 years 
before I became President of Grinnell College, I was on the faculty 
at the University of Miam.i in Florida, where for the past four 
years there, I was the Associate Provost and Dean of the Graduate 
School. 

So I present these comments as one who has had a life long com- 
mitment and passion for science, as well as someone who has had 
teaching and administrative responsibility, at both a research insti- 
tution and a liberal arts college. 

The biggest difference from my experience at Grinnell and my 
experience at a research university is that at Grinnell everyone, in- 
cluding especially the faculty, as well as the administration and 
students, believe in the scholar /teacher model. 

One of our goals at Grinnell is that students take an active role 
in their learning. We provide opportunities for hands-on, investiga- 
tive laboratory-rich study in the sciences and mathematics. 

This directly influences decisions on faculty appointments, pro- 
motions and development opportunities, curricula shape and devel- 
opment, and development of the infrastructure of the sciences and 
mathematics. These are all decisions that have an impact on the 
institutional balance between teaching and research. 

There is a firm belief at liberal arts colleges that teaching and 
research are not in conflict, but rather are mutually supportive. 

A number of practices which we employ at Grinnell from the 
moment we interview prospective faculty and which reinforce and 
strengthen this belief are detailed in my written testimony, and 
could easily transfer to other larger institutions. 

In the interest of time, Vll also simply note that my written testi- 
mony contains additional recommendations which parallel those 
made in previous years by representatives of liberal arts colleges in 
hearings before this committee. 

Briefly, these recommendations, which were also echoed in the 
NSF report just referred to by Dr, Carlisle involve changing both 
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funding criteria and institutional criteria by which proposals are 
evaluated, which support undergraduate education. These changes 
would encourage a nationwide effort to bring teaching and re- 
search into better balance. 

Finally, improving the quality of undergraduate science and edu- 
cation is such a serious challenge that it requires all of us to work 
together. There are over 1,500 non-doctoral educational institutions 
in this country. Well over half of the undergraduate degrees are 
awarded by these comprehensive and liberal arts institutions. 

Many of our elementary and secondary teachers receive their un- 
dergraduate teaching at these institutions. Additionally, a high 
percentage of graduates of selective liberal arts colleges earn 
Ph.D.s in sciences and mathematics. 

Therefore, I congratulate and thank this committee for including 
the perspective of four year institutions in today's hearings. 

Further, I recommend that a mechanism be established to pro- 
vide an ongoing dialogue among all of us with a stake in under- 
graduate science and mathematics to talk regularly together, in 
settings like this, at discipHnary conferences, through computer 
networks, and at specially planned meetings. 

The separation between teaching and research occurs partially 
because we are not all talking or listening to each other in the 
same room. 

We do need to generate a new vitality in our Nation's scientific 
and technological infrastructure, and we can only do this by recog- 
nizing fully the role that undergraduate education plays in this 
effort. There are, I would venture to say, thousands of faculty 
members in sciences and mathematics in campuses in every part of 
this country, with a devotion to teaching and research, and to pro- 
ducing our next generations of scientists and citizens. 

We need to identify, support, and rew^ard these faculties and the 
institutions in which they work. We need to do this within each 
and every one of our home institutions, and we need to do this at 
the level of national policy. 

I thank you for the opportunity to make these remarks. 

[Tho prepared statement of Dr. Ferguson follows:] 
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I am Pamela A. Ferguson, President of Grinnell College in Grinnell, Iowa. I am 
very pleased to be invited to participate in this Hearing, and for the opportunity to 
address the issues related to the quality of undergraduate science education, particularly 
the crucial issue of achieving balance between the teaching and research responsibilities 
of the professoriate. 

I speak today as president of one of the nation's premiere undergraduate 
institutions in science and mathematics. I speak also for Grinnell's peer institutions in 
the groups represented by The Independent Colleges Office in Washington, including 
member institutions of the Associated Colleges of the Midwest (to which Grinnell 
belongs), the Great Lakes Colleges Association, The Central Pennsylvania Consortium, 
Allegheny College (PA), Reed College (OR), and Rollins College (FL).' 

The invitation I received from Chairman Boucher reflects this Subcommittee's 
awareness that those of us involved in undergraduate science and math'^matics education 
are partners in a common and critical enterprise. As Martin Luther King, Jr.. once said, 
we are "tied in a single garment of destiny." We tend to forget this as we all, at our 
schools, colleges, universities, and research centers, work busily on our own activities. 
Instead of a seamless garment, we often look like a patchwork. 

I don't think we are a patchwork, but we have a new century coming along. This 
is a critical time to look at our common enterprise, examine what kind of garment we 
have on, and learn how well it is fitting our aims and object ives--f or our students on our 
individual campuses, as well as for the nation as a whole. 

^ ACM Bcloii College. Carlcion College. Coc College. The Colorado College. Cornell College. Gnnnell Ccllege. Knox College, Lake 
I'orcsi College. Lawrence Univeniiy. Macalcster College, Monmouih College. Ripon College. St Olal College. The College of ihe 
tJni\enit> of ChiMgo. Gt CA AlbiOn College. /Vniioch College. DeniJ^^n Uni\-er^uy. DePauw Univentty. Earlham College. Hope College. 
Kalamazoo College. Kenyon College. Oberlin College. Ohio V.cslcyan Univertity. Wabaih College. The Collcje o( Woojlcr. CPC 
Dtckinion Cxjilegc. Franklui & Mai^hal! College. «nd Geimburg College 
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From the White House to the school house, we hear that education in America is 
not the best-particularly education in science and mathematics--and that we ought to be 
doing it better. At the undergraduate level, I don't think we CAN do a lot better unless 
we work together. Unless everyone with a stake in undergraduate science and 
mathematics education makes tough decisions now about strategic priorities-about 
dollars, people, space, and reward systems-effective reform will not happen. Unless all 
panners work together, this nation's educational shortcomings will not be addressed 
adequately. 

You asked me to speak to the issue of balance between teaching and research 
responsibilities of the professoriate from the perspective of one who is familiar with the 
educational environment at both research universities and liberal arts colleges. I am a 
research mathematician, one of a generation of academic scientis's who benefitted from a 
concerted and comprehensive national effort to attract undergraduate students to science 
and mathematics. My life-long engagement with science and mathematics began as an 
undergraduate at Wellesley College, where 1 received my baccalaureate degree. My 
doctorate is from the University of Chicago: my area of research is finite group theory, a 
branch of theoretical mathematics. Nothing will replace the personal thrill I feel each 
time 1 prove a new theorem. It is that thrill of discovery that keeps all scientists and 
mathematicians working in research. I experience an equal thrill when 1 teach, working 
with students, recognizing the balance it brings to my professional life and how it 
enhances my research. 



8;; 



66 



Page 3 

Presidcni Pamela Ferguson, Grinnell College 
March 31, 

Until coming to Grinnell College last fall, for 21 years I was on the faculty of the 
University of Miami, and for 4 years held the appointment as Associate Provost and 
Dean of the Graduate School on that campus, I present these comments as one who has 
had a life-long commitment to and involvement with science and mathematics education. 

From my years of experience, I understand clearly the opportunity and 
responsibility we now have to build a more effective partnership for reform of 
undergraduate science and mathematics, one built on the awareness that ours is indeed a 
common enterprise. To the extent we neglect undergraduate education, we hamper this 
country's ahilrty to produce research scientists, to produce elementary and secondary 
school teachers for the next generation of those who would be scientists and 
mathematicians, and to produce those who as citizen/leaders will be called upon in the 
coming century to make critical decisions about matters scientific and technological in the 
private, corporate--and even in the political-arenas. 

There is a public perception that the undergraduate pipeline is only important for 
the production of graduate students who, in time, become the nation's scientific 
researchers. But the public-and sometimes those who determine policies and programs 
that support undergraduate education-tends to forget that the pipeline also produces the 
non-scientists who carry with them into their work and world their collegiate notions of 
what science is, does, and means. In short, it is undergraduate education that largely 
determines the scientific literacy of America. 
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This is the context, I believe, for our discussions today, as we address the specific 
issue of the "balance of research and leaching in undergraduate communities across the 
country." Unless we keep focused on all students, and on the larger role of the 
undergraduate sector, our reform efforts will be a patchwork. We will not have a 
seamless garment. 

This is a timely Hearing. 1 have followed the deliberations of the National 

Governors' Conference, and those of the Federal Coordinating Council for Science, 

Engineering, and Technology (FCCSET). There has been, over the past several years, an 

extended and legitimate concern about the pre-collegiate sector. As urgent as those 

deliberations have been, I think it is time to give equal attention to the indispensable role 

of the undergraduate sector in serving students and the nation in the areas of science and 

mathematics. As the 1991 FCCSET report states: 

...many cxpens believe that undergraduate science, mathematics and engineering 
education has suffered from a lack of attention, which has left it stagnant, • 
diminished its quality, and led to a dull and uninspiring student experience. 

There are many encouraging indications that concern is turning again to the 

undergraduate sector. This Hearing is one evidence of that. (It is a sorry state, however. 

that W2 have to be in a national crisis--as we are today, as we were in the Sputnik era- 

before people begin to take seriously the value and utility of a strong undergraduate 

sector.) We have yet to see, however, these nascent expressions of concern accompanied 

by adequate levels of financial support. 
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Two things arc needed. First , we need an adjustment in thinking as to the place 
of the undergraduate sector in science and mathematics education. Second , we need a 
plan, a well-conceived, long-range plan, that sets our goals and objectives with respect 
not only to undergraduate education but to all levels of science education and research. 
That planning has to be done by those of us who are educators, in collaboration with 
those who help guide and support this common enterprise. 

TTiese are some of the challenges that influenced my decision to accept the 
presidency of a college like Grinnell. Why did I do this-moving to the middle of Iowa 
from the cosmopolitan community of Miami? To answer that question gets to the heart 
of the issue we are exploring today. As I was considering the invitation from Grinnell, I 
began asking about what works on that campus, asking questions such as: "What are 
Grinnell's goals for students?" "How do faculty and administrators seek to achieve those 
goals?" "What is the relationship between those goals and the larger society Grinnell 
seeks to serve?" For the purpose of this Hearing, let me give you one answer to those 
questions, an answer that relates specifically to learning in the sciences and mathematics 
and to the integration of teaching and research in the undergraduate context. 

One of Grinnell's goals for students is that they take an active role in their 
learning. Over the years, an impressive variety of opportunities for "hands-on" learning 
have been developed for Grinnell students at all stages of their academic careers. (This 
is the learning environment that has been identified by the rork of Project Kaleidoscope 
as being most successful in attracting students to science.) In particular, this goal of 
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providing students opportunities for hands-on, investigative, laboratory-rich study in the 
sciences and mathematics directly influences decisions about 1) faculty appointments, 
promotions, and development opportunities; 2) curricular shape and direction; and 3) 
development of the infrastructure for science and mathematics, These are all decisions 
that have an impact on the institutional balance between teaching and research. 

What attracted me to Grinnell was the possibility of working at a place where 
teaching and research come together in practice as well as in theory, where all professors 
are actively engaged in classroom and laboratory teaching. Grinnell's greatest draw for 
me was the educational environment wherein students work in small classes, and work 
one-on-one with faculty, with abundant opportunities for hands-on research. I was 
attracted by the personal knowledge that it was this kind of undergraduate experience 
that attracted me to science and prepared me to be a research mathematician. 

For many generations, Grinnell students have benefitted from the opportunity to 
learn from such as those professors who are at working in classroom and laboratory 
today. AJlow me to mention two outstanding Grinnell graduates who took what they 
learned at Grinnell, and subsequently, through their work, had an impact on the world in 
which we live. Robert Noyce went on (after studying at Grinnell and MIT) to receive the 
patent for the first integrated circuit, and thereby generated the modern revolution in 
electronics. Tom Cech (who also experienced the Grinnell-MIT connection) was a co- 
winner of the 1989 Nobel Prize in Chemistry for RNA research. 
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To be honest, after so many years in a major research university, 1 was also 

attracted to a place that, because of its traditions, size, and lack of bureaucracy, has been 

a fruitful testing ground for new approaches to teaching and learning, a piace where 

senior faculty take full responsibility for what happens in classroom and laboratory (even 

for beginning students), a place where presidents and deans recognize, support, reward 

and even require the integrated role of faculty as teacner/scholar-where research is seen 

as an educational activity. Grinnell is a place, where, as Bartlelt Giamatti said in a 

speech at Yale Universit)-: 

teaching and research not only go hand in hand but are often the same hand: the 
pedagogical act an investigation, the investigatory act shared with students and 
associates who are also colleagues, the whole a sp'endid, ongoing instance of 
intellectual and human collaboration. 

For example, last semester--my fir*-* as president-l taught a calculus course with 
my Grinnell colleagues that used computers to model the powerful ideas of calculus, and 
made learning calculus a hands-on course, incorporating problems relevant to students of 
today. This new course, a joint effort of a group of liberal arts institutions and funded by 
the NSF. is a direct outgrowth of current advances in research in calculus and in 
technology. But it took a creative group of faculty determined to make the connection 
(for themselves and for their students) between teaching and advances in basic research, 
and to undertake the set of activities to transplant those research advances into on-going 
calculus courses. 1 can tell you from my recent experience that introductory calculus 
courses at Grinnell are not dull and stagnant. I can also tell you about the absolute 
necessity for an academic culture that allows such creativity to grow. 
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Now, we all know that liberal arts colleges like Grinnell have no monopoly on 
programs that work in undergraduate science and mathematics. Institutions of all kinds, 
including those represented by my colleagues on these panels today, have achieved 
successes in baccalaureate science education. Personally, however, 1 do not think that a 
new set of calculus courses like those we are working on at Grinnell could happen at 
many research universities today. The reward systems at most universities do not often 
recognize people working at the intersection of teaching and research. In part, the 
problems with institutional reward systems reflect problems with external reward systems. 
The external reward systems for scientists and mathematicians still clearly favor those 
who focus on research. We all know well, as Chairman Boucher indicated in his letter of 
invitation, that "...the quality of undergraduate science education has deteriorated," and 
that the current academic reward system is at the heart of the problem. 

Let me give you some examples of how we, at Grinnell and at the other 
institutions for whom I speak today, build and su-'tain an institutional culture in which 
teaching and research are integrated activities for faculty-at all stages in their careers. 
Following these examples, I will make specific recommendations about how such a 
culture can be built and sustained within the larger community of undergraduate 
insiiiutions. 

1. Inierviewing for Commitmeni. In interviewing candidates for faculty positions 
at Grinnell, particularly in the sciences and mathematics, we ask questions about their 
research, and about how undergraduate students might become involved in that research. 
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These questions provide insights into the professional goals of that candidate, whether or 
not she intends to make a vital connection between her research and her teaching. 
These questions also signal to the candidate that Grinnell is committed to supporting her 
on-going efforts to integrate her work as teacher/scholar. This commitment becomes 
tangible upon appointment, as new faculty can work with their departmental colleagues 
to establish a research laboratory, one that provides space for students as well as for the 
individual researcher. 

Prospective s':ience and mathematics faculty members are thus challenged to be 
clear about their own commitment to teaching. Undergraduate science education is most 
successful when the commitment to teaching is persona! and deep. Faculty must 
understand that teaching is a meaningful and important responsibility, and that 
scholarship is as important for their department's curriculum as it is for their own 
professional development. 

2. Socializina the New Faculty Member. Introduction of the new faculty member 
to the institutional culture is a critical factor in clarifying expectations at the beginning of 
a career. One of our sister institutions within the ACM. St. Olaf College, has a valuable 
program for socializing new post-docs, begun with a grant from the Fund for the 
Improvement of Postsecondary Education. Through this program, St. Olaf brings a new 
post-doc into ti,e Mathematics Department for one year providing mentoring from 
experienced faculty, and opportunities to teach both alone and with colleagues. This 
post'doc program provides a unique bridge between graduate school and the 
undergraduate campus. 
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3. Faculty Evaluation. At Grinnell, we follow a faculty appointment with great 
care, assessing the work of that faculty member after 3, 6, and 12 years, again setting this 
evaluation in the context of the larger institutional culture. We do not use end-of-course 
questionnaires. Instead a student team interviews persons who have completed courses 
from that professor. We also solicit statements from alumni who worked with that 
professor. These results are combined with a faculty peer-review (of both teaching and 
scholarly performance) from the academic department and external references about ihe 
quality jf the research and professional activities of that person. This again is a time- 
consuming process, but for us, as we seek to develop a common commitment and vision 
about our work as the community of Grinnell, this process becomes crucial to developing 
a faculty that works cohesively to achieve common goals. 

4. Participating in the Intellectual Community. This commitment to a common 
vision of our work is expressed in faculty development opportunities. Let me describe 
one that 1 am particularly pleased with, one which was begun by my predecessor. 
President George Drake, who worked with President Hunter Rawlings of the University 
of lowa. They initiated a program in which our faculties develop joint summer seminars 
to study specific intellectual topics of common interest. Gr?'juate siudents from Iowa 
and undergraduates from Grinnell are also included in the seminar. What faculty have 
learned in these joint projects is that while the institutional ethos may differ, good 
teaching requires an insistence on active learning in the classroom. A culture that 
expects siudents to ask questions will also expect the teacher to make connections to 
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other learning experiences of the students. This obviously places special demands on the 
faculty leading the class. Offering bite-sized, pre-packaged lectures based on out-dated 
text books does not work if you want students to be involved in the discussion, and to 
make connections between the lecture and work they are doing in classroom and lab. 

The Calculus Reform effort that I described eariier is another example of how 
faculty can work together as peers in addressing common problems, focused in particular 
on the problem of integrating advances in knowledge andjechnolog>' into the process of 
leaching and learning. It is also an example of how to build a culture that says working 
on curriculum is a legitimate activity for undergraduate faculiy-indeed, a responsibility. 
Engagement with the larger community, within and without the campus, is essentia) to 
nurturing the academic scientist. I myself became a scientist because of the opportunity 
to become a member of a larger intellectual tradition. 

RECOMMENDATIONS. This leads me directly to my recommendations for the effort to 
bring undergraduate teaching and research into better balance in colleges and universities 
across the country. Work at the intersection of research and education is just becoming 
a recognized legitimate activity for the scientific community. This work needs lo be 
encouraged-at institutions, within disciplinary and educational associations, and most 
particularly, by NSF and the other FCCSET agencies that provide the financial support 
for undergraduate reform efforts. In large part, it is this support that establishes the 
parameters for individual institutional reward systems. 
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RECOMMENDATION 1: 

That a criterion for all awards from federal agencies that support undergraduate 
activities be redefined to recognize more explicitfy that work proposed to be done at 
the intersection of teaching and research will merit equal consideration to work that is 
purely basic research or that which is purely pedagogical in nature. For the NSF, this 
would mean revising the definition of criteria listed in GRESE (see Exhibit A) by 
adding special emphasis within criterion 4^4, Proposed wording for such an addition 
would be: 

Criterion (4), effect on the infrastructure of science and engineering, permits 
the evaluation of proposals in terms of their potential for improving the 
scientific and engineering enterprise and its education activities in ways other 
than those encompassed by the first three criteria, TJiis criterion also permits 
the evaluation of proDOsab from the perspective that research and teacliin^ 
represent complementary, rather than opposifi^ components, particularly in 
under^aduate pro-ams. 

Individual program guidelines would include the following specific institutional 
characteristics to be considered in the evaluation of proposals. Hiese might include: 

a) an analysis of the sponsoring institution's commitment to carrying out the project, 
and explicit willingness of the institution to allow-and even to encourage-the grantee 
to influence science and mathematics education within that institution, and within the 
larger education community: 

b) evidence that the institution has made or is making structural changes campus- 
wide in teaching assignments (including class sizyis), general allocation of instimtional 
resources committed to developing a learning environment that is hands-on, and has 
an appropriate range of faculty development opportunities in place for faculty at all 
stages of their careers: and 

c) an analysis of criteria for and evidence used in hiring, promotion, tenure decisions, 
salary determinations that demonstrate an increasing commitment to teaching at the 
undergraduate level. Institutions should be held accountable for the effectiveness of 
teaching: evaluation of teaching must be central to personnel decisions, Uiere should 
be clear evidence that reward systems are in place for those who work with non- 
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science majors, for those who involve majors in (heir research, and for those who 
work at the intersection of research and teaching. 
RECOMMENDATION 2 

That a mechanism be established to provide on-going dialogue among all those with 
a stake in undergraduate science and mathematics to talk regularly at disciplinary 
conferences, through computer networks, and at specially-planned meetings, 

SUMMARY. I would be remiss in my responsibility as a representative of Grinnell and 

our peer institutions if I did not emphasize that the undergraduate experience in science 

and mathematics cannot be compartmentalized into neat little "reformable" packets. 

Reform efforts must give atteniion to priorities for faculty development activities, to 

delegation of teaching responsibilities, and to bringing teaching and research together in 

practice as well as in theory. Reform efforts must be undertaken from the awareness of 

the inter-connected nature of the undergraduate experience--and that concern for 

students has to be at the center of ur reform efforts. 

As the 1989 Report of the National Advisory Group of Sigma Xi states: 

In searching for the roots of the crisis iri undergraduate education [we] hit 
repeatedly upon the theme of accessibility for students; access to instruction that 
generates enthusiasm and fosters long-term learning; access to a curriculum that is 
relevant, flexible, and within their capabilities; access to a human environment that 
is intellectually stimulating and emotionally supportive; and access to a physical 
environmert that supports the other three dimensions. These crucial components 
are strongly interrelated; weakness in any one diminishes the quality of 
undergraduate education, (p.5) 

We need to generate a new vitality in our nation^s scientific and technological 

infrastructure, and we can only do this by recognizing fully the role that undergraduate 

education plays in this effort. There are, I would venture to say, thousands of faculty 
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members in the sciences and maihemaiics in campuses in every pan of this country with 
a devotion to teaching and to research, and to producing our next generation of scientists 
and citizens. We need to identify, support, and reward these faculty, and the institutions 
in which they work. We need to do this within each and every one of our home 
institutions. We need to do this at the level of national policy. I believe the 
recommendations that I have made, if given serious consideration, can play a role in 
shaping a national culture for redressing the current imbalance between teaching and 
research. The responsibility is ours. 

I thank you for the opportunity to present these remarks. 
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PropowJs received by the Proposil Processing Unit are as- 
signed loih.e ipproprijic NSFprojnxn for wknowledgemcmind 
review. All proposals are reviewed cucfuUy by a sctcntisi. en- 
gineer, or science cduciior serving «s *n NSF Program Officer, 
ind usually by 3 to 10 other individuals who arc expcru in the 
panicular Held represented by the proposal. Proposers arc inviicd 
lo sugg&si namei of persons ihey believe are especially well 
qualified 10 review the proposal or, gtving reasons or not. persons 
ihey would prefernot review the proposal. Tnese suggestions may 
serve as one source in the reviewer selection process at the 
Program Officer's discretion. Some Prognm Officersobiaui com- 
nv:nis from assembled revic* pCmels or from sue visits before 
reCommerKling flrul action on proposals. Recommendations for 
awards arc further reviewed by senior NSF staff for conformance 
with Foundation policy. 

NVhcnadecision is made, verbatimcopie&of reviews, excluding 
the names of the reviewen. sumraanesof review p^ivel delibera- 
tions, if any. a description of the process by which the proposal 
was reviewed, and theconte;^tof the decision, (such as the number 
of proposals and awards, and informaiion about budget 
availability)aremailed to the Principalinvcstigaior/ProjeciDirec* 
tor The Principal Investigator/Project Director may also request 
and obtain any other rcleasable material in NSF's file on the 
proposal. 



3. Uiiliry or relevance Offh< rrseorch - This criterion i \ 
used lo assess the likelihood that the research can coniribu te 
to the achievement of a goal that is extrinsic or in addition 
to that of the research field iiself. and thereby serve as the 
basis for new or improved technology or assi st m the solution 
of societal problems. 

4. Effect of the research on the infrastructure of science 
and engineering - This Criierioa relates to the potential of 
the proposed rescajch to contribute to better understanding 
or improvemeni of the quaJity . distribution, or effectiveness 
of the Nation 's scientific and eogineering research, educa- 
tion, and me;)po«er base." 

Criierii (I ). (2). and (3) coniii tuie sui iniesrai sei siid are ipplicd 
in a baJanCed way to all research and science education proposals 
in accordaiKe *iih the objectives and content of each proposal. 
Criterion (1), petfonnance competence, is essential to the evaJua* 
tion of the quality of every proposal. It covers the investigator's 
record of pasi research accomplishments, including, where sig- 
nificant, communication of findings and shanngof data and oij.er 
research products. The relative weight given Cniena (2) and (3) 
depends on the naiureof the proposed v/ork;Cri tenon (2). intrinsic 
merit, U emphasized in the review of basic research proposals, 
while Criterion (3). utility of relevance, a emphasized in the 
review of applied research proposals. Cn tenon (3) also relates to 



The National Science Board established the following cniena 
for the selection of research (including projects to iir.prove the 
leaching and learning of science and engineering) projects by the 
National Science Foundstion: 

"In order to provide for the fair and equitable selection of 
ihc most meritonous research projects for support, the Foun- 
dation has established cnteria for their review and evalua- 
tion. These cnteria are intended to be applied to all research 
proposals in a balanced and judicious manner, inaccordai^e 
with the objectives and content of each proposal. Four 
criteria for the selection of research projects by the National 
Science Foundation are listed below, together with the 
elcxTKnis that constitute each criterion. 

1. Research performance competence - This cn tenon 
relates to th: capability of the investigatorts}. the technical 
soundness of the proposed approach, and the adequacy of 
the institutional resources available. 

2. Inirinsic merit of the research - This criterion is "Used 
to assess the Itkelihood that the research will lead to new 
discoveries or fjndamenial advances wjthin its field of 
science or engineenng. or have subsuntial impact on 
progress in tha; field or in other scientific arid engineering 
fields 



[TUjor goal-oncnied ac tiviiies that theFoundauon carries oui, such 
as those directed at improving the knowledge base undedying 
science and technology policy, furthering international coopera- 
tion in science and engineenng. and addressing areas of national 
nee d. 

|Cri tenon ('4)T effeci on the infrastructiire of science and en- 
gineenng, permJis the evaluation of proposals in terms of l^clr 
potcnual for improving the scientific and engineering enterpnse 
and Its education activnies in w^ys other than those encompassed 
by the first three cntena. Included under this criterion are ques- 
tions rclaling to scientific, engineering, and educaiion personnel, 
including panicipalion of women, minorities, and disabled in- 
dividuals: the distnbution of resources with respect to institutions 
and geographical area; stimulation of high quality activities in 
importantbutunderdeveloped fields, supporiofrcsearch initiation 
for investigators without pre%ious Federal research suppan as i 
Pnncipal Investigator or Co-Pnncipal Investigator, and interdis- 
ciplinary approaches to researcher education in appropriate areas. 

Any specific cnteria that apply to individual programs, while 
falling within the gener^ cntena presen* u in this section, are 
eoniained in relevant program anr.ouncernenis or solicitations. 

Proposals that involve cooperative activities with «w-pact 
co'jntnes may also be subject to internal U.S.Govemment review 
for potential national security concerns. 
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Mr. Thornton. I want to thank each of you for a very fine sum- 
mary of your excellent testimony. 

It seems to me that there is a great deal of agreement by mem- 
bers of the panel, but also some areas where additional comments 
may be helpful in fleshing out the discussion. 

The thing that really concerns mei/ibers of the committee, I be- 
lieve, is whether the emphasis upon research has led to some of the 
highest qualified intellects at a university from being actively in- 
volved in teaching. 

I think there will be possibly a divergence of opinions on this, 
ranging from the research universities, where it may be less 
common for the distinguished professor to routinely take a fresh- 
man course, and to give incoming students an opportunity to hear 
from the best mind available on the campus. 

What is your experience at each of your institutions? 

As a sidelight not that I was the best mind, but I wanted to start 
something. So, I taught each year that I was president of the uni- 
versity. As a result of that, the chancellors began teaching and, as 
a result of that, the distinguished professors began teaching gener- 
al summary courses, as well as doing the research. 

What about your institution. Dr. Vest? 

Dr. Vest. Well, since you mentioned that we each got at least 
one opportunity to brag a little bit, I'd like to tell the story that 
two years ago, one of our professors was literally teaching a fresh- 
man physics laboratory when it was announced that he'd won the 
Nobel Prize. 

Mr. Thoknton. That is a marvelous story. 

Dr. Vest. We, at MIT, are, of course, blessed with a very differ- 
ent student to faculty ratio than some of the other institutions 
around here. We do pride ourselves in getting first rate faculty as 
lecturers, particularly in the large introductory classes. 

We do, of course, do a lot of recitation and laboratory instruction 
with graduate student teaching assistants. We do, however, in some 
of the main line departments, including physics, manage to teach 
all of our laboratory courses with professors and, by and large, in 
che department of biology, we do as well. Every one of our faculty 
members are expected to teach at least one course per term. 

The thing that we have 'tried to do over the last two years, and 
we're gaining success, is to get each of our freshman in association 
with a senior faculty member or administrator through what we 
call freshman advisor seminars, whereby in groups of six to eight, 
the freshmen will spend their freshman year in a seminar format, 
with a faculty member, and almost all of our deans, and vice presi- 
dents, et cetera, participate in that. 

I do have to admit with a red face, that I have not found my 
schedule yet permitting that I teach a course. My predecessor, Paul 
Grey, did once, and he had only one piece of advice for me, which 
was, don't try it. 

Mr. 'Chornton. I perhaps should admit that the courses that I 
taught were team taught. 

[Laughter.] 

Mr. Thornton. It was not always possible for me to be in attend- 
ance, but v/e had a two or three person team teaching the courses, 
and always at least two of us were there. 
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Dr. Vest. If I could just comment, very briefly — and not to take 
too much time from my colleagues — but we happened to be going 
through salary decisions at the institute this week. I was particu- 
larly pleased that the Dean of Science walked in. 

Each dean has a certain amount of money that can be distribut- 
ed for merit raises, and each dean has a separate little pot of funds 
that can be used to top that off in areas of importance. 

He had literally asked each of his department heads to produce a 
list of the 10 people that they felt had had the greatest accomplish- 
ments in the past year in research, and the 10 people that had the 
greatest accomplishments in the last year in teaching. 

Those discretionary funds were divided equally between the two, 
and I believe, Karl, you are an expert on reward systems. It doesn't 
take too long for that kind of a message to get around. 

Mr. Thornton. That's a very splendid message. 

Dr. Pister. 

Dr. Pister. Well, since Dr. Vest told an MIT story, then I pre- 
sume I have permission to tell a Berkeley story. 
Mr. Thornton. Indeed. 

Dr. Pister. I remember hearing from a freshman student his ab- 
solute amazement when he found that the tall gentleman sitting in 
the aisle listening to freshman chemistry lectures, who was prepar- 
ing himself to teach, not the lecture course, but a freshman chemis- 
try laboratory was Nobel laureate and former AEC Chair, Glenn 
Seaborg. 

So, I tell that story to make the point that on our university 
campuses, everyone is above average, but some are more above av- 
erage than others. 

I think the more above average in other folks like the Seaborgs 
and like your physics colleague are people who have succeeded be- 
cause of their enormous talent and energy. That's not the group we 
are talking about. 

The gr->up, in my view, at research universities, that is put at 
greate- ; isk is the great majority of us who are not above the 
above average group, and the pressure that young faculty feel 
today, especially, to get engaged in the research game. That re- 
search game is a business, because the institution, in most cases, 
will not survive, economically, unless the faculty members play in 
the business. 

That's the kind of pressure, I think, that demeans the academic 
life. I think it is something that Federal agencies and universities 
have to take very seriously. 

If I'm permitted one more story, I think the State of California 
stands out as an excellent example in funding academic year sala- 
ries of its faculty, in both its U.C. system, and its California State 
University system. 

No faculty member in the State of California from a public insti- 
tution has to worry about his or her nine month salary. That's a 
pressure that colleagues in many other states — most other states — 
have to face every day. 

Mr. Thornton. Thank you very much. 

Dr. Carlisle. 

Dr. Carlisle. Thank you. I feel a bit in the samt situation I did 
at a panel over va Arlington a year o*^ two ago, when I waa fifth. 
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and to my left, there was Bob O'Neal, the President of UVA, et 
cetera, et cetera. Every one of them invoked Thomas Jefferson. 

Then they got to me and, for the audience, I invoked Justin Mor- 
rill, and only got blank looks throughout. 

Mr. Thornton, May I paraphrase for you the statement that he 
made about 130 years ago in saying, *ln today's high technology 
world, the world is moving so rapidly that we must use our best 
efforts to maintain our ability to discover and to apply that discov- 
ery. If the world moves at ten knots, and we at only six, we will be 
left in the lurch.'' 

Justin Morrill, as everyone here knows, was leading the effort 
for the land grant college system at the time of that remark. 

Dr. Carusle. It's a wonderful remark. I'm instructed by it. 
Thank you. 

Let me make two or three or maybe four quick points in reply to 
your question. 

First of all, I think in a place like Virginia Tech, the situation is 
very mixed about whether the finest senior faculty, the finest 
minds, even among the junior faculty are teaching undergraduates. 

I met just last week with the biochemistry faculty. That is a fac- 
ulty which I believe has very well integrated undergraduate in- 
struction, graduate study, and faculty research so that faculty re- 
search in laboratories becomes one of the main means of instruct- 
ing undergraduates. 

The facts are much like that in a number of departments, and in 
other departments, it is not the case. But what strikes me most is 
the way that it is so deeply imbedded in the culture. Faculty people 
I talk to, time after time, breakfast after breakfast, say to me, yes, 
but we know what really counts. 

Therefore, it seems to me their intuitive commitment is then to 
research, to some extent, at the expense of undergraduate educa- 
tion. But the same faculty probably, in some cases, do fme jobs 
teaching undergraduates. 

Second, it seems to me, one of the ways to begin to get at this 
and permit the kind of flexibility President Vest talked about, the 
kind of multi-dimensional excellence we and my land grant col- 
leagues talk about is to place responsibilities on departments for 
achieving the primary classic three missions of the university, 
rather than to place all three of those responsibilities on individ- 
uals. 

That way, departments are responsible for achieving every one of 
our missions well, and faculty can then be given differential kinds 
of assignments. We plan to begin a program of recognizing and re- 
warding departments who do that, who establish a fine learning 
environment, both for undergraduate students and faculty. 

As far as teaching goes, I do teach, from time to time. I taught a 
course last spring — a course in our liberal education program — all 
by myself. By May, the students had run up my back at that point, 
and they had overtaken me. Next fall, I will be teaching an honors 
colloquium. 

I have asked virtually every person in my office. I lean on the 
deans, and suggest that they, too, teach from time to time, and 
tench undcrgraduatos to phow that, yes, we tell you this, we mean 
it, and we are also trying to help out. 
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Mr, Thornton. I admire you for teaching the course without the 
benefit of a team to assist in it. I was there occasionally alone, and 
with an honors group, it sometimes gets pretty close. 

Dr. Carusle. This is true, but they are bright enough to be un- 
derstanding about my own limitations. 

I have faculty people ask me how I keep up and, of course, J say, 
I don't. Late in the semester last year, I truly felt that I was not 
doing either job as well as I would like, but I was having a lot of 
fun. 

Mr. Thornton. Well, as a matter of fact, the thing that I liked 
best about it was that it seemed to set a tone throughout the uni- 
versity that teaching was trulv very important. 

There's another thing — well, I want to hear from you, Dr. Fergu- 
son, then I have a couple more questions, and Fll recognize Mr. 
Fawell for such questions as he may have. 

Dr. Ferguson. 

Dr. Ferguson. Well, yes, and again, my perspectives of a course 
at Grinnell is a little different because, again, we're an undergrad- 
uate institution. 

So, therefore, one of the clearest ways you send a signal that 
teaching is important is that every one teaches the same amount. 
We don t use an inducement to get the people we most like by of- 
fering them a lower teaching load. I think that that's totally appro- 
priate, at certain kinds of institutions. 

I think, though, to echo maybe it was Dr. Pister's views where 
everyone is trying to be Harvard or MIT, that many institutions 
persist in doing this, where they are not going to be those institu- 
tions. 

I think one of the strong ways we reinforce the importance of 
teaching is that everyone at Grinnell teaches the equivalent of five 
courses a year. It still leaves you time for research. They publish 
regularly, but it also sends a uniform signal that somehow ' there's 
not a two-tiered system." 

I taught. It was my first semester as president last semester. I 
taught a calculus course, which is an introductory course. I thought 
I should be in with the freshman to learn what it was like. 

I learned a tremendous amount about what innovative, exciting 
teaching with really great technology can be like. I loved teaching 
at the previous institution where I also regularly taught while I 
was dean, but where we didn't have that wonderful technology to 
change the kind of experience. 

It may have sent a signal but, candidly, I also did it for the self- 
ish reasons that I had a lot to learn about the institution. 

I think any administrator who wants to know what's really going 
on in an institution has to spend some time in the classroom, 
v/hether it's in a team-taught or an honors colloquium, or else you 
miss out — things change very rapidly. Students do change. 

Mr. Thornton. Thank you very much, Dr. Ferguson. 

A couple — maybe one question including two things — first, I'm 
pleased to report that this is something for which I can claim no 
credit from the Universi^-y of Arkansas. I doubt that I would have 
had the courage to implement this. 

The dean of our college of education, Dr. Roderick McDavia, has 
just announced that the College of Education will no longer award 
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a four year bachelors degree in education, and that students who 
wish to become teachers must take a four year course in an appro- 
priate discipline, whether it be engineering, science, history, eng- 
lish, or whatever it may be. 

Only after completing their undergraduate work in a discipline 
will they be eligible to enter the college of education for a graduate 
degree, which will teach them how to apply the methods needed to 
transmit that information to students K-12. 

I'd like to have each of you comment on that approach and also 
to amplify a bit on the role of merit pay assessments in emphasiz- 
ing teaching and how you address that. 

Dr. Vest. 

Dr. Vest. With regard to your first comment, I strongly salute it. 
I hope that that sets a great precedent across the Nation. 

Tm also pleased to note that a small, but clearly increasing 
number of our MIT seniors are beginning to opt for careers in sec- 
ondary schools and working together with Wellesley and other in- 
stitutions nearby, gaining their certification in addition to their un- 
dergraduate disciplinary degrees. 

Indeed, last year's senior class chose this as the project that they 
wanted to fund, making available a little bit of a fellowship to help 
with the additional tuition that was required to gain certification. 

With regard to merit pay, I think all of us at the table would 
agree that this gets to the very core of the question that is in front 
of us. 

I have no magic answers, but at the Institute, we have taken 
some specific steps to enhance the recognition of teaching accom- 
plishment when we make merit pay increases, and also through 
the tenure and promotion system, first of all, by requiring that es- 
sentially a fixed or certain level of the case books and arguments 
that are prepared for each individual address the matter of teach- 
ing. 

The vast majority of our faculty are evaluated by the students 
accrrding to set criteria. Wise department heads and deans look at 
those things very closely. 

But I would certainly not claim that we have yet achieved the 
balance between measurement and consideration of teaching ac- 
complishment and research accomplishment that I and my col- 
leagues would like to see in the future, but I believe that the gradi- 
ent is in the right direction. 

Mr. Thornton. Thank you very much. 

One reason for this question is that just recently, a week ago, as 
a matter of fact, the Department of Education released the initial 
findings of a study entitled, ''How Teaching and Research Activi- 
ties Affect Faculty Compensation at Four Year Colleges and Uni- 
versities." It examined data from 4,300 full-time tenure track facul- 
ty from four year institutions. 

Regrettably, from our standpoint, the report revealed the follow- 
ing, that the more time spent on teachings the lower the salary 
compensation, and the more time spent on research, the higher the 
salary compensation. 

So,^ as we deal with merit pay, I think we need to recognize that 
the field in skewed, somtjwhat, at the present time, toward reward- 
ing research. 
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Dr. Carlisle — oh, Dr. Pister. 

Dr. Pister. May I have an opportunity to answer that one? 
Mr. Thornton. Yes. 

Dr. Pister. First of all, I certainly support certification on top of 
disciplinary specialization first. It's certainly a trend that is com- 
mendable and, I hope, will become universal in this country. 

The question of rewarding through merit or promotion faculty 
performance is unquestionably skewed toward research. Your data 
just showed that. Every one of us that*s had any administrative ex- 
perience knows that to be a fact. The defjree of skewing depends on 
the institution and, indeed, to a ceiiain extent, the discipline 
within an institution. 

In my view, the response to this ought to be a broader under- 
standing and interpretation of creative scholarship. Ernie Boyer's 
survey calls attention to this. 

Everyone of us usually looks at a multi-dimensional faculty per- 
formance measure, but, in fact, in the last forty years, at least, it 
has become almost standard to place almost the entire burden of 
accomplishment for a faculty member in the research creativity 
area at the expense of scholarship of teaching or scholarship of ap- 
plication of knowledge, or even, I would add, the integration and 
synthesis of knowledge. 

If you are not a discoverer, if you are not finding a new element, 
or you are not finding a new algorithm, or whatever it is, you are 
seemingly not doing research — something that I think if carried to 
the limit, would have killed our medical schools long ago. 

Indeed, it's had a profound effect on the teaching of engineering 
in this country, as many of us who have been in engineering have 
realized our loss of competence in manufacturing, to a certain 
extent, can be correlated to, I think, teaching the profession of en- 
gineering too closely to the model of science, and not to a profes- 
sion. 

So we need to reverse that and that is part of the cultural 
change that our institutions and our Federal agencies that fund us 
must taKe into account, 

Mr. Thornton. Are any of you familiar with the March 25th 
Chronicle of Higher Education article discussing Syracuse Univer- 
sity? Tm enjoying the conversation here with several of you. 

Dr. Carlisle, would you like to address the question I first raised, 
and then go ahead and wind up with the Syracuse University ex- 
ample, of what we can learn from thai. 

Dr. Carlisle. I may not speak as much to that as you want me 
to. To remember your question, Vm acting like a student now? 

Mr. Thornton. Yes, sir. 

Dr« Carusle. Your question was, am I familiar with it? 
Mr. Thornton. Yes. 

Dr. Carusle. If not, can I answer an exam question on the Syra- 
cuse model- 
[Laughter.] 

Dr. Cauusle. But that's okay, that's okay. 

hei me speak to two things, and then apeak to, I think, what is 
happt'ning, certainly, at Syracuse. I know a little about that. I read 
a letter from the president of Syracuse on that, and a little bit 
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about what is happening at a number of land grant universities 
across the country. 

As to your question about five year teaching certification pro- 
grams, that has been a pretty strong movement across the country 
over the last five or ten years through the so-called **Holmes 
Group/' and I do think it will, in effect, take over as the dominant 
model, at least at large institutions such as ours, at state universi- 
ties, and perhaps at the privates, as well. It does make sense, so I 
really endorse what both my colleagues have said, and don't need 
to say a whole lot more about that. 

Merit pay — ^you have the facts. Dr. Pister has indicated the case 
at research universities. Certainly, it is the case at Virginia Tech 
as well, that we have skewed to, I think, a mistaken degree, the 
emphasis on research. 

Tve noticed — I've been at Virginia Tech three years, but I've 
been doing this kind of a job for seven. I've noticed even in the 
three years I've been at Virginia Tech, a change in the promotion 
and tenure files that I read, and I read all of those that come to the 
university. 

During my first year they were, as you might expect, out of 30 
pages, 25 — I'm exaggerating — were devoted to research, to demon- 
strating how effective an individual's research was. There were 
some token demonstrations — maybe a little more than that some- 
times about teaching and almost nothing about service, except for 
cooperative extension people. 

Through conversation, through smphasis, through a revision of 
the guidelines, I'm seeing just in three years a change. First of all, 
teaching comes first in the dossier that comes to the university 
committee, and faculty are now required to demonstrate at some 
length and in several ways their effectiveness as teachers. They 
still, of course, say almost as much as they've always said, and very 
well, about research. 

My sense is that this will begin to change the evidence that we 
use for salary increases, and it is one means, at least, of beginning 
to modify the cultural kind of just instinctive commitment to give 
more money to the prestigious researcher than to the fine teacher. 

I think — and my last comment about that — I think that the real 
nub of things lies with department chairs or department heads, 
blessed with faculty, because the surveys I read suggest that facul- 
ty are ready for the kind of change that, in one way or another, we 
are all talking about. Deans are. My colleagues across the country 
are. 

I find my sentence getting me to the point of answering the ques- 
tion, why then — what s holding us back? The department head — no 
I don't quite mean that, but I do think, to some extent, unless the 
department heads really come around, and believe that presidents 
mean what they say about the balance, I think change will be 
much slov/er. 

Now, notice the way I evaded your question about Syracuse by 
taking so much time. 

Mr. Thornton. I'm very pleased that you've demonstrated a skill 
that I thought wHh retjerved to lawyertj. 

[I^ut^hter.] 
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Mr. Thornton. As a matter of fact, I appreciate your candid ob- 
servations there. 
Dr. Ferguson. 

Dr. Ferguson. Yes, let me say that, gee, I know the answer to 
the Syracuse question, in the sense of being able to recall a little 
bit more what was in the article, primarily simply because Syra- 
cuse and the University of Miami, where I used to work, and en- 
joyed working very much, in many ways, were similar. 

They are both private institutions. They are both expensive, and 
they are both largely tuition-driven. They are fine institutions, but 
they are not MIT, as far as research dollars acquired. 

So I read with some interest the fact that they were taking this 
view of being now a student-<:entered research institution, by 
adding some words at the beginning. I also read with — and I con- 
gratulate everything they are trying to do there. I know they are 
trying to do that at Miami, too. 

I'm also extraordinarily sympathetic, after 21 years as a faculty 
person at Miami, and only five of those years as an administrator, 
with the skepticism indicated in that article by some of the facul- 
ty — not a lack of good will, but not really being sure they mean it 

There was a wonderful story, a person cited of someone who had 
fair research and great teaching, and got tenure, and three years 
ago, he felt it would be the other way around. 

Well, at the risk of doing what I promised myself I wouldn't do 
before I came here, let me say the following from my dual perspec- 
tive. I am sure there were people at my previous institution who 
did not get tenure because they weren't good teachers. Tm sure 
there were, but I don't know the name of one of them. 

I do know the names of lots of bad teachers who were pretty 
good at research who did get tenure. So, while I applaud what is 
going on at Syracuse, I think it is going to take awhile, and it is 
going to take a lot of symbols being sent forth. 

As far as the point about education, again, I think what Arkan- 
sas is doing is wonderful. We, at Grinnell, again, don't give gradu- 
ate degrees, but because we felt so — and in fact, the only profes- 
sional program we have is education, we do have a department of 
education, but because we believe so strongly that four years of un- 
dergraduate exj)erience is important, we give a free ninth semes- 
ter, where students can come back. 

We pay their tuition and expenses so that they can get accredita- 
tion and internship in that free ninth semester. We've been doing 
that for years. 

Mr. Thornton. Thank you very much, Dr. Ferguson. 

The gentleman from Illinois, Mr. FawelL 

Ms. Fa WELL. Vm going to pass at this time. I have enjoyed listen- 
ing to the testimony, and I look forward to reading the entire tran- 
script. 

Mr. Thornton. Thank you, Mr. Fawell. 

Let me just relate. Dr. Vest, to your quotation from a noted phi- 
losopher, Pogo Possum, at the beginning of your testimony, and 
state that he also is quoted as saying, *'We have met the enemy, 
and he is us.'* 

In some sense, we do have the future of our educational enter- 
priso in the hands of people who are included in this panel and in 
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the next panel, because it*s very important not to separate the 
function of teaching from the function of research. 
Dr. Carlisle. 

Dr. Carusle. I wanted to make one — I sense you are closing, and 
I don't want the last word, but I thought — I'd like to get back to 
Blacksburg tonight without having a lot of department heads wait- 
ing at the edge of town for me. 

Mr. Thornton. Okay. 

Dr. Carusle. So I thought I ought to clarify, one of my col- 
leagues has reminded me that part of the dilemma that we are in 
has to do with, on the one hand, a commitment to national profes- 
sions, and to recognition through those national disciplines; and on 
the other hand, the responsibilities one has to the university as a 
community, and to its instructional and communal obligations. 

Department head is at the intersection of those two sometimes 
conflicting worlds that a faculty member must live in. It's hard 
being a department head. I was one, once. I think that's why I 
place the burden on the department heads, because they've got to 
find the way to help faculty balance those two sometimes conflict- 
ing demands. 

Thanks. 

Mr. Thorn i ON. I appreciate that addition and, indeed, agree 
with the assessment that the department head is really that point 
at which these forces tend to be resolved or not resolved. 

I want to thank each of you for your fine testimony. It's been 
very helpful. 

Oh, would you like to ask any questions? 

Mr. Nagle. Certainly— absolutely. 

Mr. Thornton. The gentleman from Iowa. 

Mr. Nagle. I'd first like to point out that we have Grinnell Col- 
lege here. For those of you who think the Big Ten is everything 
this week, you should be reminded that, historically, the first foot- 
ball game Grinnell ever played, they beat the University of Iowa. 

[Laughter.] 

Dr. Ferguson. That was about the last game we won, too. 
[Laughter.] 

Mr. Nagle. Academically, Madam President, you've been under 
some suspect. You've started to win some games, and it made us all 
nervous. 

The thing that I wanted to focus on, if I could just for a second — 
I don't know what you've covered before I got here — but this — I 
don't want to say ineptitude, but this inability, seemingly, to bring 
undergraduate students through the process in science and math, 
chemistry, particularly, if we are talking about Grinnell, in a broad 
sense, given the success that smaller colleges have had versus 
larger universities, and not wanting you to offend larger universi- 
ties, is there an>i:liing we should be looking at as a Congress, in 
terms of enhancing undergraduate science and math education, 
that our larger universities and smaller universities seem to be 
having more success with? 

Dr. Ferguson. I think, yes, I understand all the very strong, 
healthy tensions, and the absolute need for the department head at 
a larger institution to be helped deal with the tension that doea 
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not exist at the smaller institutions, so not eveiything will trans- 
fer. 

But I think, to the extent that this committee can urge various 
funding agencies to provide — and this is not just one more request 
for funds — but to put undergraduate education on the national 
agenda to make it intellectually respectable and exciting. 

The NSF funding, for example, of calculus reform has trans- 
formed the national meetings of the American Mathematical Socie- 
ty versus what they looksd like ten years ago. 

It*s the broadening of the intellectual enterprise that Ernest 
Boyer has talked about, and that Dr. Pister has referred to, that I 
think that the Federal funding agencies, in their allocations of 
funds, and this committee, in having hearings like this, can help 
institutions raise people's awareness of indeed the fact that the ad- 
ministrations do value undergraduate teaching. But that has to be 
made part of a national agenda, not just a campus-wide activity. 

Mr. Nagle. But the contrast — the thing I'm consistently told. Dr. 
Ferguson, and I'm picking on you, because I think I know the 
answer — the thing I m consistently told, of course, is the fact that 
smaller colleges produce so many more successful candidates — 
Ph.D. candidate levels — than your institution, Grinnell, which Tm 
of course intimately familiar with. 

Is there a secret as to why more people are coming through your 
process as opposed to coming through the larger universities? 

Dr. Ferguson. Sure, because we re student-centered, because we 
judge ourselves in terms of alumni, because we believe very strong- 
ly in hands-on, investigative experience in the classroom of curricu- 
lar innovation. We send our senior faculty in to teach. 

I think that exciting, involving curriculum and giving faculty the 
development time, we devote olgnificant funds at Grinnell to give 
faculty development funds to develop new courses, new curriculum, 
to provide opportunities for people from different disciplines to talk 
together. 

Those aren't big dollars. I mean, it's a significant amount. I 
think we spent about $100,000 of our money last year. That's less 
than the cost of a start-up for half a chemist at MIT, but it pro- 
vides that needed time and ability for people from disciplines to 
talk to one another. 

I think that those are strong signals that can be sent, too. But I 
think it's that kind of emphasis. 

Mr, Nagle. Dr. Carlisle, Dr. Pister, Dr. Vest, any response? 

Dr. Pister. I agree. One of the problems at a large institution — 
research-centered institution — is that students look at the life of a 
young faculty member and say, hey, that's not a life I want to lead. 

It's a very — it's a tremendously rewarding life, but it's an enor- 
mously high pressure life that, at the beginning, doesn't seem to be 
paying off. 

It does pay off in the long run. I think those of us who have been 
through decades of academic life — I wouldn't do it any other way, 
if I could live my life again. It's a marvelous opportunity to serve 
society, and to find personal reward. 

But today, the young faculty member, coming into the system, 
1 as a very different experience than I did forty years ago. The 
pressure is enormous, compared to what it was forty years ago. 
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I was able to get tenure at Berkeley, never having written a re- 
search proposal. That would be unheard of today, in most of our 
research institutions. Life was simpler. 

Not that our whole society has changed, but Fm saying that Dr. 
Ferguson's remarks about hands-on involvement in students is the 
real answer to motivation and getting the more domestic students 
to go on to graduate school in the country, a matter that is in need 
of a great amount of attention in this country. 

Mr. Nagle. But some practical questions, if I could. 

Dr. PiSTER. Sure. 

Mr. Nagle. And, then, Dr. Carlisle, Td welcome your response; 
Dr. Vest, Fd v/elcome yours on how you do that, I mean, just in 
terms of steps for the Congress — one, two, three, because I agree 
with you. I think the pressure — 

Dr. PiSTER. I think — and there may be some disagreement on this 
panel on this matter — I think the funding agencies have to look at 
the tripartite missions of their research universities that they are 
funding — teaching, research, and service. 

YouVe given a great deal of attention to research, and only in 
very recent times has there been any attention at ?J1 to the matter 
of teaching in our research institutions. 

I think the NSF has been a leader in setting up programs to en- 
hance the quality of teaching undergraduates in math, science, and 
engineering. 

Dr. Vest. I would particularly second the comments on the im- 
portance of hands-on experiences in learning about science. Every 
Lit of data Fve ever seen shows that that is important in retaining 
the interests of students and in enhancing and enriching their un- 
derstanding of the fields. 

That is the biggest challenge, I think, that those of us represent- 
ing large universities face. It's becoming increasingly difficult to do 
that. 

I mentioned earlier in my testimony that one way, over the 
years, that MIT has attempted to improve that situation somewhat 
is through an endowed program to involve undergraduates directly 
with faculty and graduate students in research activities. It's a 
very key component of much of the learning of our undergradu- 
ates. 

It might interest you to know that that program came about be- 
cause a very famous person in this country, Edwin Land, the devel- 
oper of Polaroid photography and Polaroid corporation, saw this as 
a crying need, and devoted a significant part of his personal 
wealth, anonymously, I might add, to make this kind of education 
possible. 

I also believe, and I hope not naively so, that the Federal Gov- 
ernment could assist us in doing more development in this area. 

Some of the things Fve seen around the country in developing 
language skills through the use of interactive video, and so forth, I 
think, can be moved over into the learning domain in science. 

A number of uo in the room, I think, are aware of various experi- 
ments that have shown that some self-paced, computer- assisted 
learning in some of the core undergraduate areas of science have 
made tremendous impact on students, particularly in the very 
large schools. 
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So, there are some ways in which I think we can begin to mimic 
and learn from the experience in smaller instructional organiza- 
tions. 

Mr. Nagle. Dr. Carlisle. 

Dr. Carusle. First of all, I agree, wholeheartedly, with Dr. Pis- 
tor's comments about funding, and that certainly is an area where, 
recently, NSF and the Congress have been helpful, and where I be- 
lieve, in the future, it can both can be even more helpful. 

Let me mention three things as illustrations of what I think 
might be done to encourage the better students to go on into uni- 
versity-kinds of activities, or at least to go on into graduate pro- 
grams. 

First of all, there is something we have done, or are doing, a 
second one we are about to do, and a third we must do. 

The first is that we have completely revised and regenerated, in 
a substantial way, our honors program, so that more faculty are in- 
volved, and many more students are engaged. I think this is a way 
of personalizing undergraduate education for the most able. 

Also, it is a way of encouraging them to think about graduate 
work and academic institutions as their professions. 

Second, the SUCCEED Program in engineering, that I mentioned 
earlier is an example, it seems to me, of an NSF- funded program 
that will directly affect and improve, assuredly, the teaching of un- 
dergraduate engineering, and will also diversify the population of 
students in undergraduate engineering. 

Third, is something we must do. WeVe talked about it. We have 
not yet done it, and we can learn here, certainly, from other uni- 
versities, but particularly from liberal arts colleges. We really need 
to introduce into our university a somewhat, at least, coherent 
freshman year program that will help personalize the freshman 
year, help give it some kind of sense, other than its hugeness and 
fragmentation that so majiy young people, at least, could experi- 
ence in coming, even, to Blacksburg. 

That's something that we will be working on over the next 
couple of years. 

Mr. Nagle. Don't we though, with our policies of how we fund 
research from a Federal level, don't we actually contribute to the 
impediment of this process by requiring the measure of success of a 
professor of science or math to generate research dollars for his in- 
stitution? 

I mean, are we contributing to the dilemma that you have in 
terms of bringing the larger institutions to these people through 
the process? And, if we are, how do we correct that? 

Dr. Carusle. I guess, since my mike's on, I think, that's probably 
the case. But I think what you are referring to is — and I'm going to 
pass this on to somebody else in a moment — what you are referring 
to, it strikes me, is part of a fundarnentai change in the way higher 
education has been funded over the last 25 years. 

The funding structure has changed in a significant way and that, 
indeed, drives, to some extent, the rewards system. The funding 
structure may not change, but the way the funding is directed 
could help change the reward structure or the expectations we set 
for faculty, much the way that Dr. Pister was talking about. 
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Dr. PisTER. I think, in addition, the problem is complicated by 
the fact that the number of institutions and individuals competing 
for the funds has increased at a much faster rate than the avail- 
ability of funds, so that the funding patterns that were possible to 
leave — I would put it this way — to leave the research university 
faculty in a state of reasonable equilibrium in the late 1950s and 
1960s — we've passed that period. 

Now, a faculty member, typically, has to devote, in my view, an 
unreasonable amount of time, in the competition process, often un- 
successfully and, indeed, in the case of a young faculty member, too 
often unsuccessfully, so that we have a lot of overhead, a lot of 
waste going on, and faculty having to try to compete for limited 
dollars. 

Bob White, the President of NAE, in a paper he wrote, called at- 
tention to this. We are putting pressure on engineering faculty to 
compete in this arena instead of getting them off to do things that 
would help the economic competitiveness of the United States 
through more attention to their professional obligations. 

So I think it is both the dollars available, what the dollars are 
for, and the competition for those dollars that's contributing to this 
problem. So our mission agencies need to rethink what they are 
going to spend their dollars for. 

Mr. Nagle. The Chairman is being very kind to me. 

Dr. Vest, do you wish to contribute? 

Dr. Vest. I agree very much with what Dr. Pister has just said, 
and in my own testimony made the point that one thing that, in 
my opinion, we do not want to do is to cut back on the availability 
of research funding, thereby exacerbating the various problems we 
are talking about. 

I think we did agree, at the beginnmg of the session that the re- 
search productivity and function of our great universities is an 
enormous national strength. 

What we are talking about is trying to achieve a better internal 
balance, but we certainly do not want to throw the baby out with 
the bath water, as one might say. 

I also would make one statement that Tm not at all sure wheth- 
er my colleagues would agree with or not. I, personally, believe we 
would make an error if in changing the thrust of some of the Fed- 
eral funding to enhance undergraduate education, we were to begin 
to walk colleges and universities out on the same limb, whereby 
suddenly faculty would become responsible for bringing external 
funding in to support their teaching, for heaven's sakes. That 
would gi in the wrong direct on. 

Therefore, as a policy matter, I would submit that the wisest 
course is to make increasing amounts of money available to devel- 
op experimental programs, to develop curricular materials, to try 
out innovative collaborations among universities, and so forth, but 
not to, in a sense, walk us out on the same limb of dependency that 
we have. 

Mr. Nagle. Let me ask you a question that may make everybody 
in the room nervous. It seems to me — and you immediately get in a 
gi-eat deal of difficulty if you say this, but I'm going to say it 
an)rway. 
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But let me say to the four of you, you know, I know we have this 
peer process of review for research grants, but it seems to me that 
we are requiring the potentially teaching faculty/ research faculty 
tc spend an inordinate amount of time in pursuing of research, per- 
hLps at the expense of undergraduate education. 

Have we swung the pendulum so far towards the peer process of 
review and the peer process of application of research grants that 
we've got the pendulum too far on one side? 

I mean, I remember talking to the head of a department at the 
University of Iowa where a quarter of his time is spent administer- 
ing the department, and half of his time is spent, you know, 
making applications for grants, and the remaining quarter is spent 
one-twelfth teaching and one- twelfth doing his own research 
projects. 

So, I mean, everyone says you can't attack the peer process, but 
I'd like to raise the question this afternoon, is that peer process 
contributing to a disbalance of emphasis on research at the Ph.D. 
level to a lack of emphasis on education at the undergraduate 
level, and are there papers or thoughts or any review in the scien- 
tific community, or in the academic community as to how we might 
strike a better balance? 

Dr. Vest. One very quick comment, and then I'll turn to my col- 
leagues. 

I think that many of us believe that the fundamental issue is 
that in an era of relatively fixed Federal funding for research and 
higher education, that part of the problem is that far too many in- 
stitutions have tried to march to the same drum. 

I think there was general agreement across the table earlier that 
we must get away from the philosophy that every institution as- 
pires to be a Ph.D.-granting research university. 

We must be realistic about the number of schools of that type 
that we can afford in the country, and we must, I think, engender 
a greater public and professional respect for the variety of kinds of 
institutions that we make available to our young people. 

Mr. Nagle. Why do you make that assumption that some univer- 
sities have to be research institutions and some universities have to 
be teaching institutions? What is the genesis of that conclusion? 

Dr. Vest. Well, I believe that we have a wide variety of aspira- 
tions among young people, and uot everybody needs to be exposed 
to the deep research enterprise. I think we need more attention 
paid to technical schools, to community colleges, to fitting people's 
talents to the outcome. 

I think that we cannot afford for every institution to be in the 
same mold, nor should we. Grinnell is very different than MIT, and 
MIT is very different than Berkeley and Santa Cruz. 

I think we should celebrate that difference and respect what 
each kind of institution can do well, and let students, sort of by the 
free market, if you will, flow to where they will get the most bene- 
ficial experience for themselves. 

Mr. Nagle. Yes. Go ahead. 

Dr. Ferguson. Td like to agree with that; but, nonetheless, while 
we're marching to a different drummer, you guys are setting the 
tune. 
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People go into a discipline because they love the discipline. I 
identified myself, nationally, as a mathematician, not as a mathe- 
matician at a place **x." 

As long as a huge portion of the NSF budget is going to re- 
search — and believe me, Fm not knocking research — but as long as 
that is where it is, that's where the prestige is. 

None of us went into the scientific fields because we wanted to 
get rich. A lot of it is tied up with wanting to belong to this nation- 
wide or worldwide collection of scholars. 

So, I am in no way knocking research. But as long as most of the 
money that the Federal Government gives is for research, do not 
be surprised when most institutions and faculty are judging them- 
selves that way. 

If we are serious about improving undergraduate science educa- 
tion, you have to give more than seven percent of the NSF^s budget 
to changing cur "lulum, to instrumentation, because otherwise, you 
are sending a mixed message to a very smart group of people. 

It isn't that the faculty at Grinnell do not want to be on the fac- 
ulty at MIT, nor do the faculty at VPI want to be, necessarily, at 
MIT, but they do need to still be part of the national agenda. 

I think as long as the government is putting all those dollars in 
research — and, again, it's not a knocking of research — you can't be 
surprised when undergraduate education hasn't made quantum 
leaps forward. 

Mr. Nagle. What I don't understand about the academic commu- 
nity is why you, who are supposed to be in the forefront of re- 
search, are willing to accept a budget allocation as a given, and 
why I do not see more scholarly papers in review of the peer proc- 
ess, and where that peer process is driving us in terms of research 
allocation, and also why we are not questioning, generically, the al- 
location of resources. 

I mean, I just don't see the creative thought coming from a com- 
munity that should be known, first, not for its science, but for its 
creativity. I don't understand that. 

Are there some papers out there that I haven't seen, or some re- 
search documents that I haven't seen, or some discussions taking 
place in some symposiums that I haven't had an opportunity to 
visit on this whole question, and if not, why not? 

Dr. Ferguson. Yes, I think there are. For example, the Gordon 
Conference is going on right now. Those are usually just about re- 
search topics. This week, it's devoted to talking about undergradu- 
ate education. 

I think we are moving in that direction, but I agree, and I think 
this was in the NSF Young Scholars Symposium Report, which I 
know Denice and several others of the other panel talked about — 
about the need for the academic community to consider exactly 
these kinds of questions. 

Mr, Nagle. Anybody else? 

Last question, are there some unique things that we are not 
doing? I promise, this is the last one, Mr. Chairman. Are there 
some unique things that we are not doing or that we should con- 
template doing, in terms of attracting minorities, and within that, 
just generically, by definition, I would include women — to the sci- 
entific fields? 
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Because when I looked at the pool of resource talent available, 
coming out of the high schools in the next decade, it appears to me 
that we are going to have a tremendous shortage, particularly in 
terms of captivating the intellectual talent of the Hispanic commu- 
nity, the Black community, the Vietnamese community, as well as 
women and other minorities. 

I don't mean to exclude anybody by failing to identify them, but 
are there some things that we should be doing that we're not 
doing — some funding focuses that we should have that we don't 
have, or some projects, in any way shape or form, with regards to 
that direction? 

Dr. PiSTER. May I take that question, and then, Mr. Chairman, 
beg to be excused so Fll be able to get back to my job. I don*t want 
to be an unemployed academic. 

Mr. Nagle. I promise this is the last question. 

Mr. Thornton. There's always room in politics. 

[Laughter.] 

Dr. PiSTER. I think there is something, very definitely, that can 
be done by Federal agencies. Once again, I have no particular ar- 
rangement with the National Science Foundation, but Fd like to 
say that I think NSF has taken a leadership role, here again, in 
emphasizing programs that are aimed at diversity in engineering 
and science education, beginning at K-12. 

I think the main thing that has to be done is for the budget allo- 
cators to work with us to change the institutional culture. We have 
tended to treat the question of diversity by marginalizing it in our 
institutions. 

We set up programs that are, basically, at the edge. If you need 
to bring women into engineering, you set up a program that's at 
the edge of the function of the school or college, called a special 
program for women in engineering, and you make the women stu- 
dents feel comfortable because they are part of that program. 
Gradually, they are assumed to be integratable oi assimilated into 
the mainstream male culture, in this case. 

The same thing is true of our minority students. We started 
there. We had to make a start with under-represented minorities 
and women, using this marginal model. But I contend that, particu- 
larly because of the nature of the population, the ethnic composi- 
tion change in the population, we can no longer afford to do this. 

We have to mainstream our programs aimed at diversity. We can 
no longer expect, as the sociologist would say, to move toward the 
homogeneous ideal. It just won't happen. 

So, I encourage you to look at ways to force institutions to make 
the question of diversity of the faculty, the students, and the staff a 
main structural problem for the institution. 

May I be excused, Mr. Chairman? 

Mr. Thornton. Tm sorry, Dr. Pister. I think that does conclude 
the time for this panel. 

I want to thank my colleague from Iowa, Mr. Nagle, for his fine 
questions, and commend each of you for your responsiveness. I 
would like to ask, if you would agree, thai, if the staff decides some 
additional points need to be covered, if you would respond in writ- 
ing to such questions as they may address. 

I thank each of you for your testimony. 
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The second panel will come forward. 
The hearing will resume. 

We now, having identified that the real focus of this hearing 
should be upon those people who serve as chairmen and depart- 
ment heads — I notice that we have two department heads or chair- 
men and an associate dean, and an associate professor in a depart- 
ment, so now is your time to help us to understand the uature of 
the problem that we have and the nature of the solutions we 
should be seeking. 

Our panel number II is going to include Dr. Homer Neal, who is 
the Chairman of the Department of Physics, University of Michi- 
gan, Ann Arbor; and Dr. Samuel Ward, who is the Department 
Head, Professor of the Department of Molecular and Cellular Biol- 
ogy, Professor of Ecology and Evolutionary Biology at the Universi- 
ty of Arizona, Tucson, Arizona; Dr. Jack Lohmann, Associate Dean 
of the College of Engineering, and Professor of Industrial and Sys- 
tems Engineering of Georgia Institute of Technology — Georgia 
Tech, is the way we think of them in the Southeast Conf erence — in 
Atlanta Georgia; and Dr. Denice Denton, who is Associate Profes- 
sor of the Department of Electrical and Computer Engineering, 
University of Wisconsin, Madison, Wisconsin. 

We v/ill follow the same procedure as in the last panel. I will 
ask, in each case, that your prepared testimony be submitted into 
the record, verbatim, and ask each of you, if you will, to hit the 
high points of that testimony so that we can go forward with the 
questions. 

Dr. Neal. 

STATEMENT OF DR HOMER A. NEAL, CHAIRMAN, DEPARTMENT 
OF PHYSICS, UNIVERSITY OF MICHIGAN, ANN ARBOR, MICHIGAN 

Dr. Neal. Thank you very much, Mr. Chairman. 

I'm, again, honored to have been asked to share with you my 
views on the state of undergraduate science education in this coun- 
try. 

In the report of our National Science Board Committee in 1986, 
we found that there were indeed very serious problems of quality 
in undergraduate science education, and we proposed a series of 
corrective steps. 

Many of these have been implemented, either directly or indi- 
rectly, by the National Science Foundation, by other Federal agen- 
cies, by private foundations, and by States and universities, and 
there is evidence of considerable progress. 

Other recommendations put forth in our report have yet to be 
realized, and I would like to take this opportunity to direct atten- 
tion to the fact that thep^ proposals do retain, even today, a high 
degree of currency, despite the remarkable world changes that 
have taken place since the recommendations were made. 

I believe I can best serve you today by reviewing a few of the 
areas where progress has been made in undergraduate science edu- 
cation over the past five years, highlighting some of our previous 
recommendations that remain unimplemented, and sharing views 
on what should be done in the years ahead. 
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As a prelude to my remarks, though, I note that quite often 
when one speaks of achieving balance between teaching and re- 
search, one generates the mental image of the proverbial scale of 
justice, with teaching on one side and research on the other. The 
image causes some to immediately see a perceived resolution of the 
problem of balance; namely, to simply move resources from one 
side to the other. But unless considered with great care, such a ap- 
proach can be counterproductive. There are at least two reasons 
why this is so. 

First, teaching and research are intimately connected. We are lit- 
erally dealing with a living organism that will not necessarily be 
more effective if we cut off one of its legs and give it an additional 
arm. To carry the analogy one step further, I believe that it is im- 
portant that we focus on the health of the entire organism. 

Indeed, as many of the panelists before me have pointed out, re- 
moving support from research at our colleges and universities — 
even for the express reason of providing additional support for 
teaching — may simply further detract from the quality of teaching, 
as our faculty would then be forced to commit even more of their 
time attempting to secure funds to permit them to carry out their 
research. 

In the area of condensed matter physics, for example, new facul- 
ty are already, on average, having to submit on the order of more 
than a half-dozen proposals in order to acquire initial funding from 
even one proposal. It is in no one's best interest to reduce this suc- 
cess rate even further. 

One of the great success stories of this country has been its grad- 
uate programs. They are the envy of the world. Students from 
around the globe come here for advanced study, and graduate edu- 
cation may be one of the Nation's most important exports. 

Our research and graduate programs are outstanding, but vul- 
nerable, and we must be very careful not to destroy them in our 
legitimate quest to improve undergraduate education. 

The committee staff asked me to comment on whether deficien- 
cies in the undergraduate programs at our major universities occur 
because more attention is paid to research than teaching, when im- 
portant decisions are being made regarding tenure, promotion, and 
the setting of salaries. 

Indeed, research achievement is almost always the principal cri- 
terion for judging the promise and stature of a faculty member at 
our major research universities, and I strongly believe that thi is 
as it should be. 

American universities have as their critical mission the advance- 
ment of knowledge, and they will continue to be effective in this 
endeavor only if they accord the highest recognition to the creativi- 
ty of the human mind in attacking problems at the disciplinary 
level. 

But teaching is also very important, and any institution that 
does not take teaching effectiveness into account in evaluating and 
rewarding faculty is failing to serve both its students and itself. 

Most faculty enjoy teaching — and the opportunity to influence 
the lives of bright young people is one of the reasons they chose to 
work at a university, rather than in industry or at a national labo- 
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ratory. A professor^s effectiveness in teaching should be taken into 
account in all critical decisions affecting him or her. 

The second reason why there is not a simple tradeoff between re- 
search and teaching emerges when we attempt to quantify what we 
mean when referring to the balance, or lack thereof, between re- 
search and teaching. 

Of the 2,500 or so colleges and universities granting the baccalau- 
reate in the U.S., there are probably only 100 or so with research 
enterprises so large that one might postulate that there is risk of 
the teaching programs being compromised by the research. This 
might involve 20,000 science faculty out of a total of almost 
200,000. 

Moreover, roughly 90 percent of these faculty are probably ten- 
ured and would not be directly affected by tenure and promotion 
criteria. 

Thus, we could be assessing conditions that might impact only 
roughly one percent of the science teaching workforce — although 
it's a veryj very important one percent. 

Regarding matters such as salary and other recognition, the pop- 
ulation of affected science faculty is some fraction of 10 percent, 
one would guess, and this fraction, I believe, is declining since an 
enormous number of major universities, my own included, are em- 
barked on numerous projects to improve their undergraduate pro- 
grams. 

So, I, for one, am somewhat reluctant to join in any condemna- 
tion of our universities for ignoring undergraduate science educa- 
tion in favor of research. 

Indeed, I want to recall that it was at the Federal level that all 
NSF undergraduate programs were wiped out less than a decade 
ago. We are still trying to recover from the terrible impact of that 
action. 

None of these considerations, however, diminishes the need for 
universities to be ever alert for ways to improve their undergradu- 
ate teaching, including ways of involving undergraduate students 
in ongoing research, efforts in updating curricula, and ways of 
taking advantage of advances in instructional techniques. 

Also, the remarks above are not meant to argue that there are 
no problems in undergraduate science education. There are defi- 
nitely problems, and we need to dedicate ourselves to finding the 
proper solutions. 

A few words about prog/ess at the NSF — the Research Experi- 
ence for Undergraduates Program, initiated in 1987 by the Science 
Foundation, has been very successful. This activity was strongly 
suggested by our Board Committee, and the then-<iirector of the 
Science Foundation, Eric Bloch, moved to implement it even before 
the work of our Committer? had been completed. 

It has already touched che lives of the order of 14,000 bright un- 
dergraduates across the country, and has given these students the 
opportunity to work directly with faculty on current, ongoing re- 
search programs. 

It, I think, is a fine program. It makes a lot of sense. It is a way 
of bringing thesd students into direct contact with professors in 
their professional home. 
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I certainly urge Congress to continue support for this program, 
and even to take advantage of opportunities to strengthen it in the 
years ahead. 

The various curriculum development activities at the Foundation 
are also achieving success. Two examples, as Tve mentioned in my 
written testimony, are the engineering curriculum and the calculus 
curriculum. 

I should point out that the USEME Office has been established 
and seems to be functioning quite well. I understand that it now 
receives more proposals than any other division in the National 
Science Foundation. 

It serves a very appropriate role as a coordinating focus for a 
wide variety of undergraduate science education initiatives, and it 
is impressive to realize that it's only been in existence for a very 
short period of time. 

Nevertheless, I am concerned about the overall level of NSF ac- 
tivity in the undergraduate sector. Our study called for a base 
funding level for selected undergraduate initiatives, a supplement 
of $100 million per year. From my review of what has been initiat- 
ed at the NSF in connection with our report, only about half that 
amount seems to have been provided. 

We were very conservative in our estimates of the actual needs, 
and I am not at all surprised that serious national problems in the 
undergraduate science education are continuing, given the reduced 
level of support. 

Moreover, while addressing the issue of balance, I must admit to 
being puzzled by the fact that of the education and human re- 
sources budget, evidently less than 15 percent is being provided to 
undergraduate activities. 

It is very appropriate that we all be concerned about what is 
happening at the school level, but v/e must not forget that under- 
graduate education is a critical section of the talent pipeline — and 
that it even ultimately influences our ability to deal with issues at 
the pre-college level. 

Mr. Chairman, in my notes, I have a few paragraphs discussing a 
new initiative — the suggestion that there be created a series of na- 
tional centers for undergraduate science education. But in the in- 
terest of time, I will skip that and perhaps return to it in the — - 

Mr. Thornton. Of course, the Visiting Fellow Program is a part 
of that initiative. 

Dr. Neal. Yes, that's right. Would you like me to comment on 
that? 

Mr. Thornton. Yes, please, go ahead. 

Dr. Neal. Under proposed new initiatives, I am suggesting that 
the Foundation and Congress consider the creation of a few nation- 
al centers focused on addressing well-defined issues in undergradu- 
ate science education. 

I was a member of the NSF Physics Advisory Panel, many, many 
years ago, when we were considering the creation of the Santa Bar- 
bara Institute for Theoretical Physics. Later, I was a member of 
the National Science Board when we had the opportunity — the re- 
quirement — to review that entity after five years. 

I have been impressed by what can happen when a dedicated 
unit is created to look at a general area of intellectual concern. 
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This has led me and several of my colleagues at Michigan to the 
conclusion that the NSF or other agencies should establish a series 
of national centers in the U.S. devoted to undergraduate science 
education. 

The centers should have as their central core a visiting fellow 
program — just like the Santa Barbara institute — where outstand- 
ing scientists and educators spend a year in residence at the host 
institution, carrying out their work, organizing workshops, follow- 
ing up on the outcomes, disseminating results, and i^esting i'ieas for 
their general applicability. 

We believe that only in such intense settings can new directions 
in undergraduate science education emerge and then be immedi- 
ately challenged and honed by the most talented and interested 
scholars in this area. 

Other advantages of such a program — ones that are especially 
appropriate to the heaiing today — are the signals given both to the 
local institution and around the country that undergraduate educa- 
tion is important — even important enough to justify having small 
groups of the best minds in the country to set aside dedicated time 
to plan the needed initiatives. 

Being selected as a fellow at one of these centers could be a dis- 
tinct honor, giving the individual auued stature at his or her home 
institution. 

We've learned over the decades that strategies of this type do 
work in the research arena. There is absolutely no reason why they 
should not be tried in science education. 

Indeed, while paying full respect to the important contributions 
of our colleagues in education, I need to note that one of our short- 
comings in undergraduate science education is the failure to create 
sufficiently attractive possibilities to entice our very best scientists 
to devote their attention to science education issues. In the proper 
environment, they would be happy to do so. 

Given these considerations, my recommendation is that the next 
wave of initiatives in undergraduate science education should in- 
clude centers designed to provide an institutional framework for at- 
tacking the front-line problems in science education. 

I should also note that our study called for the creation of a pro- 
gram within the NSF to support comprehensive, multi- discipline, 
curriculum development projects. This remains, in my opinion, an- 
other important area for consideration as the Foundation's under- 
graduate programs evolve. 

Thank you, Mr. Chairman, for the opportunity to share these 
views with you. 

[The prepared statement of Dr. Neal follows:] 
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Mr. Chairman and members of the Subconimiitce on Science, I am again honored to have been asked 
to share wiih you my views on the state of undergraduate science education in this country. 

In the report of our National Science Board Committee in 1986, we found that there were indeed serious 
problems of quality in undergraduate science education and we p-oposed a series of corrective steps. 
Many of these have been implemented, either directly or indirectly, by the Foundation, by other federal 
agencies, by private foundations, and by States and universities, and there is evidence of considerable 
progress. Other recommendations put forth in our report have yet to be realized, and I want lo take this 
opportunity to direct attention to the fact that these proposals retain a high degree of currency, despite 
the remarkable world changes that have taken place since the recommendations were made. 

I believe 1 can serve you best today by reviewing those areas where progress has been made in 
undergraduate science education over the past five years, highlighting our previous recommendations 
that are yet to be iniplcmenlcd, and sharing vic.vs on what should be done in the years ahead. 

As a prelude to my remarks, I note that quite often when one speaks of achieving balance between 
teaching and research one generates the mental image of the proverbial scale of justice, with teaching 
on one side and research on the other. The image causes some to immediately see a perceived resolution 
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to the problem of balance, namely, lo simply move resources from one side to the other. Unless 
considered with great care, such nn approach can be counterproductive. There are at least two reasons 
why this is so. First, teaching and research are intimately coupled. We are literally dealing with a living 
organism that will not necessarily be more effective if we cut off one of its legs and give it an additional 
arm. To carry the analogy one step further, 1 believe it is important that we focus more on the health of 
the entire organism. 

Indeed, removing support from research at our colleges and universities - even for the reason of 
providing additional support for teaching - may simply further detract from the qualify of teaching, as 
our faculty are forced to commit even more of their time attempting to secure funds to permit them to 
carry out their research. In the area of condensed matter physics, for example, new faculty are already, 
on average, having to submit more than a haif'dozen proposals in order to acquire initial funding from 
one. It is in no orie'shcsx interest to reduce this success rate even further. 

One of the great success stories of this country has been its graduate programs. They are the envy of the 
world. Students from around the globe come here for advanced study, and graduate education maybe 
one of our nation's most important exports. Our research and graduate programs are outstanding, but 
vulnerable, and we must be very careful not to dchtrcy (hem in our legitimate quest to Improve 
undergraduate education. 

The Committee staff has asked me to comment on wh«!iher deficiencies in the undergraduate programs 
at our major universities occur because more attention is paid to research than teaching, when important 
decisions are made regarding tenure, promotion and salary. Indeed, research achievement is almost 
always the principal criterion forjudging the promise and stature of a faculty member at our major 
research universities - and I .strongly believe this is as it should be. American universities have as their 
critical mission the advancement of knowledge, and they will continue to be effective in this endeavor 
only if they accord the highest recognition to the creativity of the human mind in attacking problems at 
the disciplinary level. But leaching is also very imporlani, and any institution that does not take teaching 
effectiveness into account in evaluating and rewarding faculty is failing to serve both its students and 
itself. Most faculty enjoy teaching — and the oppori unity to influence the lives of bright young pcopli- 
is one of the reasons they chose to work at a university, rather than a national laboratory or in industry. 
A professor's effectiveness in teaching should be taken into account in all critical decisions affecting 
him or her. 

The second reason why there is not a simple tradeoff between research and teaching emerges when wc 
attempt to quantify what we mean by balance, or lack thereof, when referring to research and teaching. 
Of the 2500 or so colleges and universities in the U.S., there are probably only about 100 with research 
enterprises so largcihat there isa reasonable riskof iheirtcachingprograms being compromised by them. 
This might involve roughly 20,000 science faculty out ofa total of almost 200,000. Moreover, roughly 
90% of these faculty are probably tenured and would not be affected directly by tenure and promotion 
criteria. Thus, we are assessing conditions that might impact approximately 1% of the science teaching 
workforce - albeit a very, very important 1%. Regarding matters such as salary and other recognition, 
the population of affected science faculty is some fraction of roughly 10%, and this fraction I believe 
is declining since an enormous number of our major universities, my own included, are embarked on 
numerous projects to improve their undergraduate programs. So I am very reluctant to join in mass 
condemnation of our universities for ignoring undergraduate science education in favor of research. 
Indeed, I want to recall that it was at the federal level that all NSF undergraduate programs were wiped 
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out less lhan a decade ago. We arc siill iryi'ny \o reeover from the tcniblc impact of that action. 

None of these considerations, however, dirninishL-s ihc need for universities to be ever alert for ways 
to improve tlicir undergraduate teaching, including ways of involving undergraduate students in ongoing 
research, efforts in updating curricula, and ways of taking advantage of advances in instructional 
techniques. Also, the remarks above arc not incaiii lo argue thai there arc no problems in undergraduate 
science education. There arc definitely problems and we need to dedicate ourselves to finding the proper 
solutions. 



The Research Experience for UndergraduaieS Piagrani, initialed by the NSF in 1987, has been very 
successful. This activity was strongly suggested by our Board Committee, and Director Bloch mov;d 
to implement it even before the work of our Coniniiilec h:id been compleied. It has already touched the 
lives of over 14,000 brighi undergraduates across ihe country, and has given these students the 
opportunity to work directly with faculty on cunoni. ongoing research programs. It Is, as in many of these 
matters, difficult to say how many new seianiMs \\e have 1 0 to 1 5 years from now as a result of this 
program. Bui it makes just so much son^e thai we Mkc this extra step in bringing siudenls together wiih 
faculty in the faculty member's profcs^ioMal home. This program is another example of why the tradeoff 
between research and teaching is not a simple one. I urge Congress and the NSF lo continue to support 
the RliU program, and to take advantage of upportuin'ties to sirengthen it based on what is learned as the 
program is continually reassessed. 

The various curiiculuin development activities at the f-oundation are also achieving success. A 
nationwide marshalling of attention on the need to \v\ ise the calculus euniculuin and the engineering 
curriculum are two examples of wliere a modc^^t leadership effort by the Foundation has had an impact 
on the entire country. Moreover, in just the pa>t yeai we have seen the introduction of a broad-based 
course and curriculum development prt»gram at the l-'oundation. 

The USEME Office recommended by our Coinmitiee has been established and is fully functional. I 
understand that it now receives more propo.-^al s iluin an> other Di vision in the Foundation. It serves a very 
critical role for a wide variety of undergraduate science education initiatives. 

Nevertheless. I am concerned about the overall level of NSF activity in the undergraduate sector. Our 
National Science Board Study called for a base I'unding level for selected undergraduate initiatives of 
SI 00 million per year. From my review of u hat has been inniated at the NSF in connection with our 
report, only about half of that amount has been pro\ iJcd. We were very conservative in our estimates 
of the actual needs, and I am not at all surprised iliat serious national problems in undergraduate science 
education are continuing, given the reduced level of support. Moreover, while addressing the issue of 
balance, 1 must admit to being puzzled by the fact lhat of the El IR budget evidently less than 1 5% is being 
provided to undergraduate activities. It is most appropriate lhat we all be concerned about what is 
occurring at the school level, but we must not forget that undergraduate education is a critical section 
of the proverbial talent pipeline - and lhat it even ultimately influences our ability to deal with issues 
at the pre-collegc level. 
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Proposed New Ir\itiatives 

An area where I believe more activity li needed is inilicesuiblishmcmQfa few national centers focussed 
on addressing well-defined issues inundergiadiiaie science education. As a member of the NSF Physics 
Advisory Panel during thn days when the c;c.ition of the Santa Barbara Institute for Theoretical Physics 
was under discussion, and as a member of the National Science Board when ihc five-year review of that 
entity took place, I have been impressed by what rar^ h.appeii when a dedicated unit is created to look 
at a general area of intellectual concern. This has led me and several of my colleagues to the conclusion 
that the NSF or other agencies should establish a series of national centers in the U.S. devoted to 
undergraduate science education. 

The centers should have as their central core a \ isiiing fellow program, where outstanding scientists and 
educators spend a year in residence at the host institution, can ying out ihcir work, organizing workshops, 
following up on the outcomes^ disseminating results, and testing ideas for thcnr general applicabilityAVe 
believe that only in such intense settings can new Jiie^tionsin undergraduate science education emerge 
and be quickly challenged and honed by the most talented and interested scholars in this area. Other 
advantages of such a program - ones \\vm aie cspei i.ill y appropriate to the hearing today — arc the signals 
given both at the local institution and amunJ the countr y ihat undergrndu;vie education is important, even 
important enough to justify having small ^'.roup^ <.«f the best minds in the country to set aside dedicated 
time to plan the needed initiatives. Being sclcctoJ .i^ n fellow at one of these centers could be a distinct 
honor, giving the individual added stature at his or her home institution. Nationally, a major cause for 
the lack of effort put into undergraduate seieueo tc;iching is the lack of recognition and respect given to 
the teachers by the ''system*'. Activities that inoreahC recognition ami respect should be taken very 
seriously. 

We have learned over the decadcb that sti.itviiich ot*thii» type do work in the research arena. There is 
absolutely no reason why they should not be tned in science education. I iidecd, while paying full respect 
to the important contributions of our colleagues in education. I note that one of our shortcomings in 
undergraduate science education is the failuie to a e.ite sufficiently attractive possibilities to also entice 
our very best scientists to devote their attention to Neieiice education issues. In the proper environment, 
many would be eager to participate. 

Given these considerations, my recommendation is tli.it the ne\t wave of initiatives in undergraduate 
science education should include centers designed to piovidc an institutional framework for attacking 
the front-line problems in science education 

1 should also note that our study called un the ercanon of a program within the NSF to support 
comprehensive^ multi-discipline, currieidnm deveK»pnicni projects. This remains, in my opinion, 
another important area of consideration ;\> the Fninuhition's undergraduate programs evolve. 

Thank you for the opportunity to share the.A' \ie\\h wiili you. 
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Mr. Thornton. Thank you, Dr. NeaL 

We will next hear from Dr. Samuel Ward. Your paper, together 
with a lot of very good supporting data, will be made a part of the 
record, and I would appreciate your summarizing or highlighting 
that presentation to us. 

Dr. Ward. 

STATEMENT OF DR. SAMUEL WARD, PROFESSOR AND DEPART- 
xMENT HEAD, DEPARTMENT OF MOLECULAR AND CELLULAR 
BIOLOGY, AND PROFESSOR OF ECOLOGY AND EVOLUTIONARY 
BIOLOGY, UNIVERSITY OF ARIZONA. TUCSON, ARIZONA 

Dr. Ward. Thank you very much, Mr. Chairman. 

I represent the University of Arizona. That's in Tucson, not in 
Tempo. We are the land grant institution in Arizona and, there- 
fore, serve the wide range of responsibilities for both service and 
education that land grant institutions do. 

I would also like, off the record, please, to express my condo- 
lences to the Chairman for the performance of another side of our 
university's two basketball teams which are not with us in the 
Final Four, as opposed to my neighbor to the left. 

Mr. Thornton. Yes, I regret that that has happened, It just 
shows that you can't always win. 

Dr. Ward. It's because we're investing all our efforts in training 
undergraduates in science at the University of Arizona. 

Mr. Thornton. Our efforts are in academia, yes. 

Dr. Ward. I would like to focus on biology education at the uni- 
versity and a number of programs that we've initiated that I be- 
lieve address a number of these questions. 

I should point out that I come as a newcomer as a department 
head for just a few years, and have been learning and listening 
with interest to the previous speakers about their longer ranges of 
experience. 

But we've started with a program to attempt a balanced teaching 
and research by really trying to argue that that distinction ought 
to be irrelevant. 

The research and teaching are really two sides of the same coin, 
as our new president at the University of Arizona, Manuel Pa- 
checo, has said, in that proper teaching should, in fact, involve the 
doing, the hands-on process of science, and therefore, should inter- 
act with research. 

Therefore, the fact that we conduct this debate shows really how 
poor our teaching has been, that we simply have to say that we 
aren't trying to separate these two. 

So, what we've done at the university, as so many universities — 
and you've heard elsewhere — is to try and expand the opportuni- 
ties for undergraduates to do individual research in laboratories. 

We've done that in a coordinated program that now has expand- 
ed across the campus to include more than 165 faculty in biology, 
in 26 different departments, representing six different colleges. 

In this program, students can apply and begin working the 
summer as early as their freshman year. We also accept students — 
not just biology majors — but students from other disciplines as 
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well, with the realization that part of, I thinlc, our largest failing in 
science education is to educate the non-scientists. 

What we've discovered in three years now with this progi-am, is 
it's had an enormous impact on the students and, in fact, on the 
faculty and, to our somewhat surprise, actually oii the university 
as a whole. 

Because what we've done is achieved, at least to a ceitain extent, 
one of the things that Dr. Pister commented about. This program 
has actually created a sense of community across the cam.pus that 
spans the colleges of agriculture and medicine, for example. 

It's gotten faculty in the college of medicine, who normally have 
no formal responsibilities for undergraduate education, to be inter - 
ested in these students and discover that there is an extraordinary 
collection of students at a big state university like Arizona that has 
28,000 undergraduates. 

What we discovered, as many have known before, is that a re- 
search lab is an extraordinarily educational opportunity. A student 
can come into a laboratory that consists of graduate students, post- 
doctoral fellows, technicians, other faculty, other students, and 
work together as a team, both to learn how they can contribute, 
and also achieve the benefit of a mentoring environment with a lot 
of roles and people to support them. 

We found our program includes participation of more than half 
women, 18 percent minority students. These students have benefit- 
ted enormously, because one of the reasons that they drop out of 
science so rapidly, is that they don't have the encouragement — that 
they, in fact, have the ability to do it, but they don't have the self- 
confidence. 

In a laboratory like this, we can really increase the number of 
these students, and that's had a very large impact. It changed the 
career paths of a large number of these students. 

So I think this is one of the special opportunities that a large re- 
search university can offer to its undergraduate program that 
really is distinctive. 

If you ask, then, what do the faculty gain from this? Why do the 
faculty participate? That gets back to this issue of academic re- 
wards. We've talked at great lengths from the previous panels 
about the disbalance of rewards in teaching and research. 

Here, again, the faculty, we estimate, are contributing more than 
$10,000 hours to this program, as direct instruction to these under- 
graduates. They do this, partly, because this is science teaching as 
they like, it's hands-on, they can work directly with the students. 

The students themselves are excited. They are uright. They are 
energetic. They are fun. They ask all those questions that the rest 
of us are too smart to know to ask. They didn't know they weren't 
supposed to ask those questions. So, that's had enormous benefit. 

But we have a difficult problem rewarding this academically. 
This comes back to the question that all of us struggled with, 
which is how do you evaluate this teaching? How do you compare 
the teaching that a faculty member does with two or three stu- 
dents in their laboratory to a faculty member who gives the intro- 
ductory biology lecture to 500 students? 

We have a State legislature and Board of Regents that looks 
hard at student credit hours. To them, the faculty member teach- 
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ing 500 students in a classroom is 500 times more valuable than 
teaching one student in your laboratory, when to that one student, 
you may change their whole career. 

So I think we have a difficult time deciding how to evaluate that 
diversity of teaching activities that we would like to encourage at a 
large university. 

Second, I think the other barrier to establishing this effectively, 
which has been addressed by many of the previous speakers, is the 
difference between the extrinsic rewards of teaching and of re- 
search. 

Research is recognized nationally, internationally. It brings you 
money. It brings you prestige. It brings you invitations to interna- 
tional meetings in nice places around the country. 

Teaching, on the other hand, is normally recognized only on a 
local level. I think, on an optimistic note, that's what is changing 
rapidly. 

The investment that you have encouraged in the National Sci- 
ence Foundation — to support teaching, to support innovative teach- 
ing, to recognize teaching by gi-ant support — is having a huge 
impact directly on teaching. 

But it's having a larger impact on changing the value system of 
the academics to where people can recognize that. 

In biology, we have another enormous advantage that the 
Howard Hughes Medical Institute has made a large investment in 
biology instruction. 

Over the past four years, they've invested $173 million in biology 
instruction, in colleges of all kinds throughout the country. 

That's, of course, had a direct impact on teaching. We've devel- 
oped, and our program is, in part, funded by that. We have devel- 
oped a number outreach programs to high schools and elementary 
schools, using those funds as well. 

But even more so, the Howard Hughes Institute, because of its 
history of supporting the most prestigious research in molecular bi- 
ology and genetics — when the Howard Hughes Institute says that 
it's okay to teach, and we'll support you to do it, it has also 
changed the value system of the research community. 

That's also happening by the professional societies. That's also 
happening in the National Academy of Sciences. The National Re- 
search Council has sp isored a number of really excellent stud- 
ies — one on biology education called, ''Fulfilling the Promise" 
which has served as a model for biology education at all levels and, 
in part, because it blames everybody equally. 

The teachers are at fault. The schools of education are at fault. 
The textbook manufacturer is at fault. But most at fault are the 
professional scientists, because we have ignored the problem of 
high school and K-12 education. 

Many of us are changing this, partly as a result of that study of 
the National Research Council funding an additional council to in- 
vestigate the most effective mechanisms to improve biology high 
school teaching. 

I'm Chairman of that National Research Council committee, 
which is investigating programs all over the country to find those 
that work, and choose those and recommend how professional sci- 
entists and the rest of us can help improve science teaching, not 
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just to the pre-service level, but at the large number of teachers 
who are already out there, that need an enormous amount of help. 

So, I think all these activities can be effectively integrated at a 
university, and I think our value system really is changing to 
reward these kinds of thmgs. 

The recommendations that I would make to this council is that 
we encourage all the agencies to require educational components to 
their research grants. 

One of the conclusions of the PYI study and others is that by 
separating these two and the way they are funded, it has helped 
perpetuate this artificial distinction. 

The kinds of programs like the REU grants, the programs that 
NIH has put in, where it*s easy to get supplements to encourage 
undergraduates in your labs — these are all extremely effective and, 
therefore, tie the two activities together. 

Second, we obviously need more grants for direct, innovative sci- 
ence education that provide the support and recognition for this ac- 
tivity. But we also have to be careful, because there has been a 
large tendency to support innovative things and then not develop 
the mechanisms to institutionalize these. 

Science education has an enormous sense of amnesia. We* re very 
good at inventing wheels over and over again, and not very good at 
ever attaching them to the wagons. 

So, I think it is not just to fund innovation. We have to develop 
institutional mechanisms to insure the things that went on before. 

Our undergraduate research program is no different than one 
that has gone on in many, many years at all research universities. 
By codifying and expanding and spreading it around the campus, 
it's had a big effect. But we know how to do that. What we need 
are ways to institutionalize and support more of those. 

Then, finally, of course, this committee and the fact that this 
panel is being held reflects the importance that our continuing at- 
tention to the education, both in public and in the legislature — the 
importance of science education — this cannot be overemphasized. 

Thank you, 

[The prepared statement of Dr. Ward follows:] 
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Wc share in the naiionwidc opinion Liiai undergraduate cducauon has not always received 
the priority that h deserves, and ihat the time has come lo restore a better balance. 
Unfortunately, but inevitably, the discussion already has included suggestions that there is 
a choice between research and teaching. To my mind, nothing could be further from the 
truth. Research and teaching are two sides of the same coin. Research is a form of 
personal learning for the researcher, scif-icaching if you liJcc. More than that, in my 
experience active involvement in research represents one of the best possible guarantees of 
lively, up-to-date leaching. . . .Research versus teaching is a non-issue. Both must be 
done equally well and. in strengthening our research, we develop the ability to also 
strcngihen our teaching programs. 

Dr. Manuel Pacheco, President of the University of Arizona 

The proper balance between teaching and research at universities has been debated since the 
establishment of the first research universities in this country at the end of the last century. 
The issues are clearly laid out in the Committee's memorandum from Representative 
Boucher so I will not repeal them here. What I will do is describe some of the programs 
we have initiated at the University of Arizona to improve biology education at all 
educational levels by combining research and teaching. 

Our philosophy is indicated by the quotation above from a speech Dr. Manuel Pacheco, 
President of the University of Arizona, delivered at our annual Undergraduate Biology 
Research Symposium this year. We believe that research and teaching are inseparable so 
that the discovery and dissemination of knowledge go hand in hand. At the University of 
Arizona, my colleagues and I have focused on attracting students into the biological 
sciences by providing opportunities for independent research in faculty laboratories. It is 
our conviction that actually doing science, rather than simply reading or listening about 
science, is the best way to leani science. A research university should enable as many 
undergraduate students as possible to work in research laboratories. Enterprising students 
have always found ways to get into research laboratories, and this has been encouraged at 
many universities. What we have done is establish a campus-wide program to facilitate 
pimicipation by as many students as possible. 

University of Arizona Undergraduate Biology Research Program 

At the initiative of depanment head Michael Wells, ilie Department of Biochemistry began a 
formal undergraduate research program in the summer of 1988 with 19 students in 13 
faculty labs. Under the energetic leadership of program coordinator Carol Bender, and 
aided panly by educational grants from the Howard Hughes Medical Institute, the National 
Science Foundation and others, and mostly from Federally funded faculty research grants, 
we have expanded this Undergraduate Biology Research Program (UBRP) to support 1 13 
students during the summer and 75 during the school year (see figure). 
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Undergraduaie Biology Research Program Growth 
1988-1992 




-D- # Students 
Sponsors 

•X' # New 

Applicants 



0 ? i 1 1 \ 

1 988 1 989 1990 1 991 1 992 



These students can choose sponsors from among 165 participating faculty. More than half 
these students are women and 18% arc minorities. Both the faculty and student suppon for 
this program has been overwhelmingly enthusiastic, and many students have altered their 
career goals as a i*esult of their experience. 

Several distinctive features of our program contribute to its success. First, participation is 
restricted to University of Arizona undergraduates, except as described below. This provides 
program continuity and develops enthusiasm for the program on campus. Second, all 
students are paid for their work (currently $5.40-5. 75^our). This is essential for many of 
the students who must earn money for college expenses. Third, faculty sponsors must match 
program g^ani support by paying half the student's wages and all supply costs. This ensures 
that students' are working in active labs with grant suppon, guarantees faculty commitment to 
the student, and leverages our educational grant money to support more students. Fourth, 
we recruit students early with a simple application process so that nearly a quarter of our 
students begin in the summer of their freshman year. This exposes students to the excitement 
of biology research early. We have found that with guidance, these inexperienced students 
can make significant contributions in the lab. Fifth, students take an active role in finding a 
lab by interviewing prospective faculty sponsors themselves. This ensures a match of 
interest and personalities and conveys a sense of responsibility to the students. Sixth, we 
define biology broadly so faculty from 26 different departments participate, including those 
from the Colleges of Arts and Science, Medicine. Agriculture, and Pharmacy, and the School 
of Health Related Professions. This gives students a wide array of research opportunities 
and gives us a large and growing pool of faculty sponsors. 

Based on both student and faculty evaluations, we believe that one of the most important 
reasons for the impact of this program on the students involved is the intellectual and 
educational atmosphere of an effective research group. By being part of a team of faculty, 
graduate students, postdoctoral fellows, technicians and other students, undergraduates learn 
from a variety of individuals who share their own research experiences and serve as role 
models and mentors. This mentoring, particularly at a large, impersonal, state university, is 
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imponant to their scientiric success, particularly for minority students and women, who often 
lack the initial self confidence to succeed in science on iheir own. 

In addition to the individual labor?.*- ' experience, UBRP sponsors informal seminars during 
ihc summer, a monthly newsleucr, an undergraduate colloquium series with outside 
speakers, and an annual research conference with student posters. This conference generates 
great excitement among the students and outstanding participarion. It would be difficult to 
distinguish the qualitv their presentations from those at a professional scientific meeting. 
The program also p.^vides travel funds for students to present their work at professional 
meetings, UBRP students have contributed posters or presentations at 51 professional 
meetings, and they have co-authored 37 scientific publications based on their own research. 

Since the inception of this program, we have learned that students with a wide range of 
backgrounds can benefit. Therefore, we have expanded participation by including high 
school students, high school teachers and Native American students from other institutions, 
primarily Navajo Community College. Many of these smdcnts have been productive, and the 
teachers particularly have benefitted. 

The UBRP has had several unexpected outcomes. When the undergraduates in the UBRP 
heard about our outreach programs to schools and teachers, they themselves formed Science 
Connection. This is a program for undergraduates to visit elementary and secondary schools 
to teach science, Tlieir excitement has been infectious to younger students, and we now have 
an overwhelming demand from teachers for undergraduate student help. The undergraduates 
have learned the rewards and the challenges of leaching (they come back exhausted after only 
pan of a day in an elementary school classroom), and some of them are thinking about 
teaching careers, an option most had not previously considered. 

In addition to bcnefiiiing the students and faculty directly involved, the UBRP has had a 
significant impact on the University as a whole. It has created interest in undergraduate 
education among faculty who normally have no contact with undergraduates, such as 
faculty in the College of Medicine. It has ser\'cd as a model for how research faculty 
should participate in undergraduate teaching, cooling the sometimes heated discussion on 
campus of research versus iciichin^. This program was highlighted as a "Science Role 
Model" in Science (24 Janu;iry, 1992), 

How can wc foster more programs of ihi.s type and how else can we utilize the special 
resources of a research university to improve science education? To answer these 
questions, we must address the relationship between academic rewards and science 
teaching. 



Harvard University's fomier president, Derek Bok, entitled his 1989 repon to Harwird's 
Board of Overseers "What's Wrong with Our Universities?" {Harvard Magazine, May- 
June 1990). In a section entitled "l^e Behavior of Faculty", he points out that: 

A serious attempt to balance the legitimate claims of leaching and research 
must begin by understanding something of the incentives that inspire each 
type of activity. Both pursuits hold great intrinsic interest, just as both can 
entail much drudgery and frustration. In contrast, the extrinsic incentives 
and rewards are almost always more powerful for research than they arc for 
teaching. 
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President Bok goes on to describe the external rewards of financial suppon, recognition, 
and visibility outside the university that research conveys. !n contrast, teaching is usually 
rewarded only internally. It follows from this analysis that to tip the balance toward the 
legitimate clainris of teaching, a university must increase its internal rewards for teaching. 
But to truly redress the balance, the external rewards must be increased as well. How can 
this be accomplished? 

Internal rewards 

Internally, the university administration from the president to department heads must 
establish clear expectations for both quantity and quality of teaching, set good examples, 
and reward excellent teaching with promotion, salary increases and recognition. This 
requires an adequate system for teaching evaluation that includes student evaluations for 
presentation, clarity and student concern, peer evaluations of content and organization, and 
longer term evaluations of overall effectiveness from departmental assessment by 
graduating seniors and eventually alumni follow-up. 

This evaluation is both difficult and time-consuming. The data are often hard to interpret 
and use fairly because there iire multiple goals in science teaching. How do you evaluate a 
faculty member who presents a difficult, thought- provoking course that discourages half 
the students, but inspires a few to choose a career in biology? How do you compare the 
teacher who is effective in a large, introductory classroom with one who inspires a small 
number of students doing research in her laboratory? I believe the answer is flexibility in 
evaluation and recognition that faculty with different styles will reach different students. 
The depanment must be allowed to find the most effective teaching environment for each 
faculty. The late Richard Fcynman, Nobel laureate physicist, taught freshman physics at 
Cal Tech for many yc«irs and stimulated a whole generation with his famous texts. The 
Feynman Lectures in Physics. Fcynman varied his teaching style periodically from 
authoritative to exploratory. Ke observed that either way he taught he inspired a subset of 
his class, but it was a different subset each time, 

I have found that there can be significant administrative barriers to promoting and 
rewarding a variety of leaching styles in a public research university. The legislature and 
Board of Regents evaluate teaching by the all imporuint Student Credit Hour (SCH). Thus, 
giving an hour lecture to 500 freshman students is 500 times as valuable in SCHs as an 
hour spent instructing an individual undergraduate on how to run a DNA sequencing gel in 
your laboratory. This may make sense in some narrow concept of faculty efficiency, but it 
is the same hour out of a faculty member's day. As our Undergraduate Biology Research 
Program has shown, the laboratory experience has a major impact on students, but does 
involve a major investment of time and resources. 

Extrinsic rewards 

How can one increase the extrinsic rewards of undergraduate teaching? This is more 
difficult, but is being done in several ways. First, the significant increase in NSF funding 
for science education is having an immediate impact. The ability to obtain outside grants 
for teaching as well as research, besides directly supporting improved teaching, 
immediately elevates the prestige and reward of teaching and gets the attention of university 
administrators. For example, one of my depanment's tenured faculty recently decided to 
abandon his continuously funded research program to concentrate fully on teaching and 
developing multimedia instructional materials. I encouraged him to do so and pointed out 
that he could now attract even more grant funding than he could before. He is one of three 
tenured research faculty who revised our introductory biology course to make it serve all 
the biology programs on campus. They also created a new computer assisted Biology 
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Learning Center to support the students and introduced multimedia instruction. The 
enrollment in this course increased from 200 to 1 100 in three years and together with 
UBRP has led to a nearly 20% increase in biology majors each year." They have given 
presentations at several of the growing number of national meetings on science teaching, 
thus achieving national recognition that had previously been largely confined to research. 

Another significant impact on the extrinsic rewards of teaching in biology has been the 
Howard Hughes Medical Institute's investment in biology instruction. With the committed 
support of President Purnell Choppin. the Hughes Institute has invested $173 m 'on in 
biology instruction over the past four years. Their grants have gone to institution., of all 
kinds that have a record of preparing students for graduate or medical schools, including 
small private liberal arts schools, predominantly minority institutions, large urban 
commuter schools and research universities. The direct impact again has been immediate. 
The expansion of our UBRP at Arizona, as well as additional programs for schools and 
teachers, have been facilitated by a large Hughes grant, for which I am the principal 
investigator. But the indirect impact may be even greater. Because the Howard Hughes 
Medical Institute has such stature and prestige for its record of supporting outstanding 
research, the fact that this same Institute is now making a major investment in education 
immediately increases the prestige, hence extrinsic reward, for biology teaching. When the 
Howard Hughes Medical Institute says it is imponant to care about teaching, the best 
researchers listen and act. 

A third source of increasing exuHnsic recognition for teaching comes from the professional 
societies. Although all professional societies have education as one of their goals, in the 
biological sciences p;u*ticulariy those goals arc receiving increased attention. The American 
Society for Cell Biology is now featuring symposia and workshops on teaching at its 
national meetings and is featuring the educational activities, particularly in secondary and 
elemcntJiry education, in its newsletters. 

Another growing influence on the importance of leaching is the National Academy of 
Sciences through the National Research Council. They have prepared several outstanding 
reports on science education. In the biological sciences, the NRC report Fulfilling ihc 
Promise: Biology Education in the Nation's Schools has served as a call to arms for 
professional biologists to help fix the sorry state of biology education. The ccnd-al message 
is that biologists have to take the leadership to improve education. I have circulated copies 
to all my fellow department heads at Arizona and keep a pile in my office to pass on to the 
unconverted, sometimes feeling like a trenchcoated street hawker selling gold watches. 
Following one of the recommendations of this rcpon. I am now chairing a second NRC 
commiiiee, the Comniiitee on Biology Teacher Inscrvice Progrjims, to investigate and make 
direct rccomnicndaiions to agencies, schools and universities for the best ways to help 
current biology teachers improve their teaching. 



Finally, in response to the Science Subcommittee's request, I will describe some of my 
own experiences balancing teaching and research. My undergraduate education at 
Princeton, where every student has to do a senior thesis, certainly shaped my view of the 
importance of independent research to learning science. Since entering graduate school, I 
have always done both teaching and research because I love teaching and feel strongly ihnt 
not only docs research experience contribute to teaching, but teaching contributes to 
research. One of the dangers of the excitement of molecular biology and genetic 
engineering is that it is too easy. It is too easy to gel lost in the minutia of the sequencing 
and cloning of your favorite gene and forget the organism thai the gene helps build. 
Teaching makes you look up from your laboratory bench and see biology from a broader 
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perspective to discover conneciior %veen the details. I have also found teaching a good 
way to leam new subjects. I was gr^fitly influenced at Cal Tech by the late Max Delbruck, 
Nobel laureate in Physiology and Medicine. Max had a course listed in the catalog as 
Biophysics, but we all knew the course was really ''What Max wants to Icam this year." It 
was an important educational experience to have a Nobel laureate stand up in class and 
reveal how he thinks, especially when he would begin a class with a complex dcrivadon, 
look at the board then the class, and say "I don't understand this. Class is dismissed, I'll 
figure it out by next week." Some would fault him for being "unprepaied" but this misses 
the point of science education: it is to leam how to think. 

As an assistant professor at Harvard Medical School teaching first year medical students, 
one did not need any defined intrinsic or extrinsic rewards imposed for teaching. Just 
stand at the bottom of one of the steep amphitheater lecture halls looking up a class of 
demanding students and critical faculty twenty five feet above you, and see what happens 
when you give a bad lecture. I did that once and learned. 

The Depanment of Embryology of the Carnegie Institution of Washington, where I moved 
from Harvard, is a lesearch institute free of the university's schizophrenia between teaching 
and rcsennch. While llierc I held a joint appointment in the Department of Biolog>' at Johns 
Hopkins and did substantial undergraduate and graduate teaching. Frankly, I was intrigued 
to discover when in their education the Harvard medical students I had taught had lost their 
curiosity and become mechanical learners. Unfortunately, I discovered it was while they 
were undergraduates. 

That experience and the recognition of the dreadful state of science education in this country 
helped mc decide after 1 1 years in an idyllic research environment that I had to do more for 
educ ation. 1 accepted tJie position as hCi 'i of a university-v/ide department at the University 
of Arizona because I wanted to see if we could provide an outstanding science education 
for a body of students that represents the diversity of our country. As I have described 
above, I believe we are making progress toward that goal. 

I believe there arc a number of actions that the Committee on Science and Technology can 
take to help improve science education. 



• Support programs in the NSF, other Federal agencies, and particularly in industry that 
encourage the participation of undergraduate students, science teachers and selected high 
school students to do independent research in research laboratories. One effective 
mechanism to do this is to ensure that educational supplements for student support are 
available on all research grants as is being done at NSF and NIH. 

• Increase the number of grant programs from all the Federal agencies that support 
innovative and effective science teaching. This wil! not only support good teaching but will 
provide external reward and recognition for teaching. 

• Encourage mechanisms to institutionalize effective teaching programs. Science education "* 
suffers badly from amnesia; programs that have worked in the past are often forgotten in 

favor of innovations. 

• Continue to recognize and publicize the importance of science education throughout our # 
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Mr, Thornton. I want to thank you for your splendid summary 
and for the paper. I was very impressed with your written testimo- 
ny's anecdotal example of the influence that Max Delbrucok, now 
deceased, Nob :l laureate, had on you in a course which was la- 
belled **Biophysics," but which you say was really what Max wants 
us to learn, or what Max wants to learn this year, himself, and 
that he'd put a complicated derivation on the wall, and step back 
and look at it and say, **1 don't understand what this means. Class 
is dismissed, but next week, I'll have it figured out, so you all come 
back." 

And the excitement of that, to me, is what it says to the student 
about the process of learning and about the discovery that's in- 
volved. 

Your testimony is very good. Dr. Ward. 

Dr. Lohmann, I'm looking forward to receiving your written 
paper, and including it in the record. We'd appreciate your summa- 
ry of that paper. 

STATEMENT OF DR. JACK K. L<)HMANN, ASSOCIATE DEAN, COL- 
LEGE OF ENGINEERING, AND PROFESSOR OF INDUSTRIAL AND 
SYSTEMS ENGINEERING. GEORGIA INSTITUTE OF TECHNOLO- 
GY, ATLANTA, GEORGIA 

Dr. Lohmann. Thank you, Mr. Chairman. 

It is a pleasure and indeed an honor to be here today to share 
with you my thoughts and experiences in undergraduate education. 

All of us have heard the stories about the quality of undergradu- 
ate education in our universities, especially in our research univer- 
sities. 

We've all heard the stories of teaching assistants who can't speak 
English well, stories of junior faculty being told that teaching well 
won't get you tenure, stories that teaching awards are more a kiss 
of death than they are a mark of distinction, and stories that the 
epitome of academic success is not to have to teach undergraduates 
at all. 

Although some of these stories are magnified beyond their real 
proportions, and others are believed to be more prevalent than 
they really are, they also cannot be dismissed as either without 
foundation or infrequent in their occurrence. 

Nonetheless, I believe it is important for the committee to know 
that there are faculty out there, especially among the more junior 
faculty, who care deeply about the quality of their teaching, who 
care about the quality of undergraduate education, and who care 
about the quality of public education in this country. 

Unfortunately, many of them also perceive themselves to be in 
an environment that is not as supportive of such concerns as they 
believe it should be. 

For example, I recently had an opportunity to serve as a co-chair 
of a colloquium involving 53 Presidential Young Investigators that 
focused their attention on U.S. engineering, mathematics, and sci- 
ence education for the year 2010 and beyond. Without question, it 
was one of the most enjoyable experiences of my career. 

These outstanding young faculty expressed uniformly a genuine 
concern for the quality of undergraduate and pre- college science 
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education. Unfortunately, they also expressed serious reservations 
about the commitment of their institutions to teaching and about 
the wisdom of their own involvement in undergraduate and precol- 
lege initiatives in light of the current system of faculty rewards. 

As one participant expressed in his written evaluation after the 
colloquium, 'The process used for identifying the colloquium par- 
ticipants selected young faculty, mostly from research universities, 
probably a majority of them nontenured, with strong interests in 
teaching. 

This is a somewhat lonely group in the sense that most return to 
environments where many of their colleagues ordinate their teach- 
ing to research interests and all are tempted to do so. 

It is, therefore, strongly encouraging to spend two intense days 
with colleagues attempting to articulate a vision of the future 
which teaching shares with research a high priority." 

A photocopy of the report from the colloquium entitled, *'Ameri- 
ca's Academic Future" has been included as a part of my written 
testimony. 

I believe you'll find much within this report that addresses di- 
rectly -^he issue of the quality of undergraduate education, and the 
balance of teaching and research in our universities. 

The report recommends, fundamentally, that the faculty, the 
leadership of our colleges and universities, and agencies that fund 
higher education reaffirm and recommit to what is the central mis- 
sion of our institutions, namely, education. 

To this end, the report recommends the need for reform in two 
critical areas: first, we must encourage and reward teaching excel- 
lence, instructional scholarship, and public service, as much as we 
do research. 

Second, we must increase substantially the resources available 
for instructional innovation and curriculum renewal, especially for 
undergraduate education. 

These are not independent issues. Inadequate resources and a 
lack of faculty incentives to engage in instructional innovation 
simply restricts the number of faculty regularly engaged in instruc- 
tional scholarship, and it sustains an unfortunate and inaccurate 
impression in the minds of many that teaching well is not impor- 
tant and is without merit. 

We must recognize that regularly budgeted programs for curricu- 
lum renewal to maintain the faculty's instructional excellence are 
as essential as programs for disciplinary renewal to maintain their 
technical currency. 

This committee can help these young faculty and other faculty 
concerned about the quality of undergraduate education. I would 
like to highlight two of the five recommendations I have in my tes- 
timony. 

First, I recommend a substantial increase in support for peer re- 
viewed, regularly budgeted programs to improve the quality of un- 
dergraduate, engineering, mathematics and science instruction for 
all students, both majors and non-majors. 

With respect to the National Science Foundation, support for 
programs to improve undergraduate instruction should be in- 
creased by at least $100 million immediately. 
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I believe that a thorough evaluation of the current NSF pro- 
grammatic and budgetary commitment to undergraduate instruc- 
tion, as compared to the programmatic and funding recommenda- 
tions contained in the 1986 NSB report on undergraduate educa- 
tion, often called the Neal Report, would show a shortfall of at 
least one-half that amount. 

Further, when coupled with very low success rates among many 
NSF undergraduate programs, such an increase would place the 
NSF support for improved undergraduate instruction more in line 
with the NSB's original intentions, and provide immediately the 
base of support needed to respond to the increasing proposal pres- 
sure in this area. 

We cannot afford to continue to discourage those faculty willing 
to step forward and accept the challenge simply because of the lack 
of appropriate budget priorities. 

We all know these are tight fiscal times. But it must be remem- 
bered that high quality undergraduate instruction is the key to im- 
proved instruction at all educational levels, and the key to im- 
proved scientific and technological literacy. 

I emphasize regularly budgeted, peer reviewed programs for in- 
structional innovation because they will enhance significantly the 
status of teaching in general, and faculty participation in instruc- 
tional scholarship, in particular, by putting teaching excellence on 
par with regularly budgeted, peer-reviewed grants for disciplinary 
research. 

Since World War II, this country has provided virtually unv/aver- 
ing support for regularly budgeted programs for academic research. 
That commitment has clearly paid off. 

Unfortunately, similar support for instructional excellence and 
curriculum renewal has been much less consistent. Indeed, NSF's 
own budget priorities from the last decade or so have resulted in a 
generation of faculty who are largely unaware that NSF has had a 
mandate to support programs in both research and education since 
its creation in 1950. 

This lack of awareness, in part, fuels the current misperception 
among many faculty that increases in education programs are 
either inconsistent with or at the expense of NSF's mission in re- 
search. 

Second, I recommend that the membership of the National Sci- 
ence Board include a tenure-track assistant professor, a tenured as- 
sociate professor, and a full professor with less than six years of 
service at that rank, 

I believe we can all be proud of the leadership that has been pro- 
vided by the National Science Board over the years. 

Nonetheless, I also believe the Board's deliberations would be ap- 
propriately enriched with the advice of recent academic experience 
that could be provided by members of the junior to mid-career fac- 
ulty. 

In conclusion, I'm concerned that we are responding to the cur- 
rent crisis in science education too much that like that of a volun- 
teer fire department, depending upon the good graces of a few 
brave volunteers with meager resources to come running to extin- 
guish the emergency of the moment, and then we all go back to 
doing what we were doing before. 
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We must not be tempted to form yet another bucket brigade. In- 
stead, we need to direct some major efforts at fire prevention that I 
believe can be provided by improving the quality of undergraduate 
educa ^n. 

Thank you. 

[The prepared statement of Dr. Lohmann follows:] 
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We nave all heard siones aboul the quatiry of undergraduate education in our 
'jntversiiies. especjalty m our research universities. We have all heard siones of 
teaching assistants who cannot speak English well, stones of junior faculty being 
told I hat -leaching wo'l won t get you tenure; siones that teaching awards are more 
a kiSS of death" than a rr^rk of distinction, and stones that Ihe epilonrie of academtc 
success IS not to have to teach undergraduates at all Atthough some of these 
Stones are magnified beyond INeir real proportions and others are believed to be 
mote prevalent than they really are. they also cannot be readrty dismissed as either 
ivithoul foundatjon or tnlrequeni in their occurrence. Nonetnetoss I believe it is 
•rriDonant for the Committee lo Know that there are tacutty out there, especially 
among me more tumor facuny. Aho care deeply about the quality of their teaching. 
rt-no care about the Quality of unaergraouate education, and who care ^pout me 
Ljua/ify 0/ putJ//c education :n thiS country Unfortunately, many of them also 
percen.e thomseives to be m an environment tttat is not as supponrve of such 
sonce'rs as tnev Oelieve it should t>e 

For example, a imie over a year ago 1 had the opportunrty to serve as a Co-Chair 
01 a Presidential Young Investigator Colloquium that focused on U S ergineenng. 
rrathemaiics. and science ertucaSion for Ihe year 20t0 and beyond The 
coikxjuium was attended by S3 Presidenltai Young Investigators (PYts) from a 
broad mix of academic institutions and disciplines ol science, mathematics and 
engineering Furthermore most of the parlicipanis were either tenuro-lrack 
assistant professors or tenured associate professors 

It was one of the rrxjst enjoyable and gratifying exoenences of my career 
These outstanding young facnltv. many of whom will soon be among the 
ea'je'sn-D of higher education expressed a genuine concern for the ouaiity of 
^-naergraduate and precoilege science education They also expressed serious 
feser/aticns about the commitment cf their instiluttons to teaching and about the 
.visaomof their own mvotvemeni in undergraduate and orecoilege mrt^aiives ci light 
•J the current system oi facultv rewards As one partiCiDant expressed m his wrrttsn 
•^vaiuat'on af;er ine colloquium 
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a so oerveve themselves tooe n an 
e'ivronment that .s ret as SuoDO'*ive 
tf sjc*) concerns as. tney benevB n 
s^oi^-a t}0 




120 



"The process usod for idenUfymg the coHoqutum parttcipants selected young 
faculty, mostly from research unrversities. probably a maprity of them non-tenured, 
with strong interests in teaching. This is a somewhat lonely group in the sense that 
most return to environments where many of their colleagues subordinate their 
teaching to research interests, and all aro tempted to do so. It was, therefore, 
strongly encouraging to spend two inrenso days with colleagues attompting to 
articulate a vision of the future in which teaching shares with research a high 
pnorrty." 

Tho report Ifom Ihe colloquium. enUIIed America s Academtc Future , was 
released by Ihe Nalicnal Scienco Fourxlatjon (NSF) a little over a month ago. A 
copy of Ihe report has been included for the Committee s consideralion as a pari of 
my written teslinxiny I believe yoa will find much wilhin this report that addresses 
directly the issue of the quality undergraduate education and the balance of 
teaching and research in our universities. It is Ihrough this report that I would like to 
share my thoughts on the future ot urxlergraduate educat»on 

As the title of Ihe report suggests. Afner>C5LS Academic Ft/ture is as much a 
report about the future role of our mstrtulwns m the Amencan educational system 
as il IS a repc.1 otfenng sonrte specific rdeasarKJ recommerxlations to address the 
cuirent crisis in science education This report is not unique in its concerns for 
educational reSorm. but is unique m its focus on highef education in general, and 
undergraduate instruction in particular, as the key to a better future for all students 
at alf educaiiona! levels The report recommends, fundamentally, that the faculty, 
the leadership of our colleges and universities, aixi agencies that fund higher 
education, reaffirm and recommit to v.hat is the centraf mission of our institutions, 
namely, education We must noi rcsporxJ to the current crisis m science educaiwn 
(ike that of a volunleer fire deparlmoni. depending upon Ihe good graces of a few. 
biave volunteers, with meager resources, lo come running lo extinguish ihe 
emergeticy of the nrkomenl. and rhcn wo all go back to doing v/hat we wore doing 
L»e<ore This report is not a call lo |oin the bucket brigade, it is a call (or efforts 
directed at fire prevention 

To this end. the report recommends the need hr reform m two areas that 
critically affect our mstitut'Ons' capabilities to assure the long'ferm heafth of the 
Amencan educaiior^af enterpnse at allfevefs 

• First, we must encourage and reward teaching exceflenco. mst/uctional 
scholar$hip. and public service as much as we do research, and. 

* Second, we must increase substantially the resources avaifabfe for 
instructioraf innovation and curriculum renewal, especalfy for undergraduate 
education 

These are not irKlependeni issues Inadequale resources and a lack of faculty 
incentives lo engage in inslructional innovation simply restricts the r.umber of 
faculty I egul arty engaged in m struct lonai scix}tarship and it sustains an unfortunale 
and inaccurate impression m the minds ol many that leaching welt is not imporianl 
and IS Without merit Alter all. il teaching excellence is nol rewarded and not 
supported as much as research, what else is one to conclude'? We must recognize 
that regularfy 'budgeted programs for curriculum renewal to maintain the faculty's 
instructional excellence arc as essential as programs tor disciplinary renewaf to 
n-iaintain their technical currency 

II nothing else. I hope this report makes clear to the Commitlee lhal throughout 
oui inslituttons there are talented young faculty who are rrxjre than ready, willing, 
and able to help improve iho quality of instruction at all levels of the educational 
P'poline They are ready to both respond to the emergency of the rrkcmenl. and 
more importantly, to address the system:c issues affecting the long-lerm health of 
the American educalional enlerpnse 



The report from tho PYI colloquium. 
America's Academic Future, is nol a 
call to join Ihe bucket brigade, it is a 
cell for efforts dir'/Clod at fire 
prevention II •ecommendS. 
fundamentalty, that I'ta fscu'ty. the 
leadership of our coflegoi and 
universities, and ageictes that fund 
higher education, reaffirm and 
recommit to wnat is the central mssion 
of our instituftons. namely, education. 
To this end. the report recommends 
the need lor reform in two areas that 
cr'iicatly affect our institutions' 
capabilities to assure tho long'tem 
heann of tno Am.encan educational 
ertoronse at an tevois 

• First, wo mjs' oncourago and 
reward leaching excellence 
instructionaf scholarship, and 
public service as much as we do 
research, and. 

• Second, we must increase 
subsrantia'iy the resources 
available for instructional 
innovation and curriculum renewal, 
ospocially lor undergraduate 
education 

These are nol independent iSSues. 
We must recognize that 'egularly- 
budgeted programs for curriculum 
renewal to maintain the tacuiiy's 
•nsttuctional excellence are as 
essential as programs tor d-scpiinary 
ronowat to ivaintain their technical 
Cij^roncy 
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This Commiliee can help these young faculty, and other faculty concerned 
about the qualily of undergraduate education. I would hke lo otier five 
recommendations for the Commrttee's considcratton 



RECOMMENDATION 



Incrsase substantially support for pear-rovUwod. raguiarly 
budgetod programs to improvs th« quality of undtrgradu«t« 
instructlor) for all studtnts, both m^ajors and non-majors. 

With respect lo the NSF. support for programs budgeted to improve 
undergraduale inslruction in iho classrooms and in the faboratones should be 
ircreased by at least SlOO rrullwn immediately. I believe that a thorough, mllatton. 
adjusted evaluation of the current NSF programfnalic and budgetary commrl men i 
to undergraduate instruction as compared lo Ihe programmatic and funding 
recommerxJatons conlamed m the 1986 Nalional Science Board (NSB) report on 
urwergraduate education, ohen called the "Neal Report. " would likely show a sfrort* 
fall of at least one-half thai amount. Further, when coupled w '.n the very low 
success rales arnong many NSF undergraduate programs, such m. increase woukj 
place the NSF support for improved urxiergraduale instrvjction more in imo with Ihe 
NSB"s original mleniions arxi provide immediately Ihe base of support needed to 
resporxi lo NSF's increasing proposal pressure in this area. We cannot afford /o 
continue to discourage those faculty wiittng to step forwatd and accept tho 
challenge sfmpty becausQ of a lack of appropnate budget prtOfities. We all know 
these are tight fiscal times - out it must be remembered thai high-quality 
undergraduate instruction is the key to improved instruction at all educational levels 
and the key to improved scientrtic and tcchnokwjicdl literacy Increased support lor 
liigri-qualiiy undergraduate jr^struction 15 also increased support (or high-qualily 
prccollege instruction, too 

I emphasize regularly-budgeted, peer-reviewed programs because Ihey will 
enhafKe sigmticanily the slaiu< of teaching m general and facully participatton m 
instructional innovaljon in particular Regularly-budgeted, peer-reviewcd grants 
(or instructional scliolarship will put leaching excellence on par with regiilarly- 
budqeied peer-reviewed grants for disctplinary' research Again, as I monlioned 
beloie regufarlybudgeled programs tor curriculum renewal to maintain the 
facu.iy s instructional excel'ence are as essential as programs for disciplinary 
rcoev/al 10 maintain their techncal currency Since WWII, this country has provided 
virtually unr.avering support for regularly-budgeted programs lor academic 
research And that commitmeni has clearly paKJ oh Our universities are the envy 
of Ihe world in graduate education and research Unfortunately, s.milar support for 
instructional excellence and curriculum renewal has been much less consistent 
The National Science Foundations budget for educational programs during ifus 
same period ol time is a good example li>deed. NSFs own budget priorities within 
Ihe last decade or so have resulted m a generalfon of facully who are largely 
unaware that NSF has had a mandate lo support programs in both research and 
education s»nce its creajion in 1950 This lack of awareness, in part, fuels Ihe 
current misperceptton arrwng many lacutly that increases in education programs 
aie eiiher inconsistent with 01 arc at Ihe expense of NSFs misswn in research 



With respect to the NSF. supporl for 
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RECOMMENDATION 

Mftmbershlp ol the National Science Board should Include a tenure- 
track assistant professor, a tenured associate professor, and a full 
professor with less than 6 years of service at that rank. 

I believe we can all be proud of \ha leadership that has been provided by ihe 
National Science Board over the years Nonetheless. I also believe thai the 
Board's deliberations would be appropriately ennched wiih Ihe advice of recent 
academic expenence (hat could be provided by members from the junior to mid- 
career faculty 



RECOMMENDATiON 

Target special support to (1) Improve the Instructional preparation 
and qualifications of graduate students preparing for professorial 
careers and (2) engage, specifically, assistant and associate 
professors in instructional Innovation. 

It has been reported that nearly 40''o of Ihe professoriate is scheduled to retire 
by ihc end of ihis decade This represents both a challenge and an opportunity It 
IS a challenge given the current slaticJics on Ph D. production, but it is also an 
opportunity in thai tf^ise who enter academic life within the next decade rrwy do so 
m large numbers If rxithing else, the preparation and earV academic expenence of 
Ihe next generaiion of young facuhv will in largo measure determine the culture of 
liigher education well into the next century 



RECOMMENDATION 

Appoint a Blue Ribbon Commission on Norms In Scientific and 
Technological Literacy. 

The purpose of this Commission would be to locus allenlion on Ihe need for 
r^orms for literacy in science maihemaucs. and technology, for both students and 
teachers, and to identify promising strategies ior defining, meaf']i-ng, and 
implementing those riorms. 



RECOMMENDATION 



The National Academy of Sciences should appoint a multi- 
disciplinary, standing committee of 100 junior to mid-career faculty 
to advise the Academy. Congress and the Nation periodically on 
matters of Importance fo the long-term health of higher education In 
general and undergraduate Instruction In particular. 

This committee would provide a natural complement to the Board on 
Mathemalcs and Science Education and the Board on Engmeenng Education 
withm the Academy I recommend a multi'discipltnary committee because 
undergraduate educaiion -- regardless of the degree program - is, fundamentally, 
a muR I -disciplinary education. We need lo increase the opportunities for cross- 
disciplmary communication and collaboration, especially arrxjng the junior to mid- 
career faculty, to address some ol Ihe rnost pressing issues facing undergraduate 
cducoiion 
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FOREWORD 



The Idnc'ivrm Nutcv;N> ut ihv- njtionji viuins lo rcviiali/v vncmcermj;. lllJlhv.■mJllC^. jud Nticnce eduCJiion depends 
.riiicjIK nn oulMjndiHL' \ounc iJiuliv HhJ,>\ who will incrcisinslv shjpo jnd Jclmc jII nur v'dui j;ion;>l insiitulions. II will 
he ihrouth ihi'if t'lioris jnd lejdcrNliip ihji higher vducjimn imprtjw; \hc qujiiiv oi insiruCMon in cneinecrmp. 
nijihciDjiKs. Jiid ilie sticnLcs tor jll siiidcnis jI jII cducaitonjl lovcK inio ihc nv\i ccnmrv Their cnunscl jnd involvcmcni 
now IS viijl u>the njiionji cdu\.;ilion ai-vndj. 

riic N.iliiin,il Sttcntv loundjlion. ilir<iui;h ihe DiMMim ol L ndcriTf jdujic Siicncc. [•.ncinwnnc ,jnd M,iihtMnjiiCs 
I iluLJiinn 1 1 Sf-Air. I, jiul in (.tilijlH>f jlum wiih \i\c Oimmhh m RcsOjrt h Circer I k'vcUipnjcni .ind rt'presv;n|jli\es Irtiin all 
ilic I «ninil.ition Diretmrjics vonveneti .1 (.ollnquninuti niiv-ihrce PiCMdcniijI ^'^1uHl^ ln\csin.'uUirN l|'^■|M on \o\cmhor 
* fi l^>"ii Ihci'NK .ill rCupionis trmn Iho V ijss ^vjrs l«»S4-h»S') rcprcsonicd j hr<Md <.liMrihulii>ii ni tosltlulions jnil 
iliNLipliiics I'Ik- pjriiLipjnlN wor^* noniinjicd h\ Ihtfir msliluiMiiis .ind stMciit'il h\ SS!- lof Ihcir dciTKtiisirjhk' lonccfn lor 
prcNoi1c:.'i: jiid ui:di'r'.'rjJujk*L'<luc.iiion .iiid l<ir I heir pdicniul lor lulurc judcmn leailcrshtp 

The ch.ir.jc uy die v-n|liH|.iKiiii huMilK. w.is i«i prcp;irt' .i icpon ot ilicir \ ivmn .ind ret»>nimond.inons ol ihc rote ol I- S 
liti;hL'r cthitJiton in ihc \ojf Jul n. ind K'ymd Ui .jssurc hi eh qujlii\ proirciltcuv and undt:ri.'r:ulu.jic insiruciinn iiu'nuinecrini:. 
itulliOinjiKs. .irid the Micncvs lor cvcrMiiic 

This u'pun Jcm rilM'v ihv pniu ip.iUi>nLluMiins i>t liu* PrcMdoni:jl \ oune ln\osi.vMlor ("oUth^uiiiin uii I S Fnumeirrinu. 
\l.nhti".iin.s jiid S<.ic<itc I-Alucjlion inr ilic ^ cir JlHM jnd Bcvond. iiicludini; Iheir v»sKm oi ihc lulure. kv> ctiurM's ol 
.kinni .intl rcioiiiimTKljiinns i>i I S liij.'i;(.'f editt-jitnn m iJcncfji. jnd ihe N.Hiinijl SficiKv I ounJjlKm in pjnituUr. NSP 
^.•\|)rv.">^v■^ Its jp[vc*uiniini» IJr ij^V R l.tiliiDjnn. iumi ihc GiOfeu Insiihiic ol Tt-(.hnt>Ui«;> lou k-jvcot jhsvncv irom ihe 
I nn^JiMtA. «»i MkIuj.im, Vim \rU^^r m NSP'l SliNU; Iriim hW)-l*^^l 1. jud IJr \nci*li«.j M Si.icv. Irnm ihc I tn\erNil\ ol 
( .ilitorni.i Rorl.ck N wUn ri.iirod the tolKKimum. Jiul lo ihc pjnitipjnls U»r ilioir lluiuohllul tnunsci .ind Ciinirihuhans. 
1 *<K' opmu^n^c^.pt^.■^^Oll II) ihis fcpon .irc ihnsc til ihv |ijMiL'ip.iiiis .inJ dn nol iwlcssjiiIv rcprcscnl NSf- polK\ The imdmcs 
Ihc iMilu ip.inis .nc vurrcnilv under roMirw ^\ NSf- 




Kntvn h \\.it%on 

IJitXilof DiMMonoil iidcrL'rjduJk- SLicnLL'. 
I'MtfinLvnni! .iiul M.illK'in.iiKs LduL^lion 
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EXEtLTnESlMMVRY 

THE CONDITION «K I ,S. KDl ( ATION 

\umcroiis rcpons and studici have expressed \CriOus concerns ihai ihc I S. 
cducjiional inirasiruciurc is ill-prcparcd lo mcci ihc challcncc^ and opponunuics 
o| ihc nesi ccniury The lov^ level oi sctcnntic and icchnological literac> in our 
society I'i deplorable, and ihc irickicoi talcnl flovMng mio careers in cncinccrinu. 
mjihcmaiic.. and ihe sciences rrom all sccmcnis or society i\ deepl> disiurbine 
The poor condiiion o\ our educanonal mt'rasiruciurc is not ihe result of a lew 
iMiiated. independent, or <li\cipline-spccific problems. Its condition mandates 
UiDdamcntal. vumprohenMvc, and s\stemic chanue^ in the >Aa> all of us go about 
'III.' ^luMiicss lit eOucaiiori. 



VMSinNOKTHKUIVK'JOlO 

The success 01 the current national clfort^ to revitalize cnctnfennc. 
malhcn;iatics jnd science instruction dcpcnils on the tommitmirnt and 
collaboration ot a number ul' communit\c%. including tndustr\'. schools. coHciiCi. 
unisersitics. tidsemmcnl at all Icsels. and the public. Mostly, however, it depends 
*in the laculiv. m our Nation s ichools. colleges, and universiiies. The laculiy, be 
the> clementarN schoolteachers, communns college tnsiruciors. or uni^ersits 
protcs\ors. are the curriculum personified. The (acuity, both individually and 
•-■ollecii''t'ly. hjve considerable Ijviiudc in the curriculum content and in the 
instructional approaches used. Superior iaculty motivate students to broaden and 
deepen their inicHect. and aspire to higher achievements. Mediocre faculty dampen 
INC enthusiasm ot good students and stitic development ot potential talents in 
■mers 

The tacult\ m hichcr education, how. ever, hasc a special and critical 
responsibility llicher education prosules the protcssional prepaiation ul mans it\ 
our Nation's future business leaders, public olficials. socially concerned citizens, 
and sinualls all encineers. mathematicians, and scientists, including those who 
<Aill become luiure faculty at all educational levels — elementary and ^econdarv 
schools, community colleges, and colleges and universities themselves. Thus, the 
faculty in higher education and their commitment to teaching are absoluiely 
critical to the quality ot instruction in engineering, ntathcmaiics. and the sciences 
provided to both majors and non<ma)ors on our college campuses and also to the 
quality ot msiruction in K- 1 2 classrooms through the future teachers they prepare. 

\Vr hfUe\f uion^lv thai h\vher cducnunn m irneral. and our mviitinons m 
narin \ihf . "fn W he i nmniiUfd to ussiinn(> ht\»h quoiti\ insirtu ttonfor all sntJcnis 
tn ail ifvmenis of ihr An\rni an rdiuaiton pipeline It u iniiiai thai \irpwih. 
' hanve. and t teaiivin thai are s\i itiief'rol m teteari h hei ome squalls integral w 
',ai hinv Thti\. iiur\iuim at hi filter t'lhu atuin iii ihe \ear 2010 and he\ond n thai 
/iini/rv in all our Satuyn \ i.nHeMe\ and nmxet inies mil he li ii/v levn^mzcd fflt 
I heir individual leadership and Ui hiei emcnis in suppnn of hmad tnsiimnonal 
missions nM ol\ tnsd tu iionai \t hnlarship puhlic service, and research 
v^cellenie. and for their cnmmiiment lo provide a qualitv edutaiion for all 
itidenis 01 allediit afiunal levels 



ifi me hciitii \tiih tine Mtnple 
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leai h S\t if \iiu do iini nam lo icai h. 
\iiif %h(ndd imn\ediaiel\ look fur 
unniher inh 
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M\K PHIMUML POINTS 

Mjn> dtMcrinc Mt-upoinlv. cxpcricnccv and idc.'i\ v»eic expressed dunnc ihc 
lOursc vM ihc colloquium. Six rcporis lollow the Exccuiivc bummar\ thai 
summan/e ihc discuwion*; oi six indiMdual puncK. each oi uhich focused on a 
diifcrcni a\pcct ot U.S. cducaiion. The rcpxins include iheir visions ot ihc lurarc. 
major courses ol action, and recommend a lions. Dcipiie the di^ersil) ot ihe issues 
U) be addressed hy ilie panels und ihc di\ersii> ol Ihe insiiiuiionul. disciplinary, 
cihntc. and gender repreneniaiion ol ihc pantcipanis. r»\c principal poinis emerged 
in common iromihc di!^cu%sions. 

To assure high quality prccoUcRC and undcrRraduale instruction in 
cn^ineerinR, mathematics, and tl.« sciences for all students and ciizcns in the 
>ear 2010 and b«yond. L'.S, hi^hfr education in general, and Ihe National 
Science Foundation in particular, must: 



/iiiixd .till, ,niti i-ftifi tt\'rnt tt \ 
'f-ut tmut ,{ii,t I iuiiiutc fUUiUtum nm\f 
tttdri {.hi i/s mm h 1 1! ii i tunivr in > iiitxit c 

Patici // 

jt\JtlU'l)f\ rh'pntcnif! 



I. KncouraRc and reward leaching excellence, instructional scholarship, 
and public service as Hell as research. 



The la;;l. of suppon. indeed, occasional ouirichi discouraccmcni. ol faculty 
achievements in teaching. inMrueiional scholarship, and public scrMcr is among 
the most pressing prohtems in hi^iher education. At the hcan ol it is jn application 
ol tenure and promotion criteria thai docs noi encourage tacalts lo aspire to broad 
scholarly aehievemenis. especially in instructional innovation, nor toconinbuie lo 
public understanding and support ot science and icchnoloyy. The tenure and 
promotion criteria, and relaied facuUj reward.s that arc based on such cniena. need 
to he applied uiih greater rccocniuon vl individual faculty abilit> and poieniial. 
(joals tor ijeult> achievement tailored lu mutch individual abiltiies and 
institutional missions should l)C defined and used lor laculu evaluation. Tl^ere arc 
also needs lor policies to proMile leasts ni absence thai recocni/e the nature ot 
contemporary lacuUy life, cspecialls lor sounger laculiy; Mgniticantly increased 
societal representation on engineering, mathematics, and science taculiics. more 
balanced recocnmon ot rhc mterdepcr 'ent roles ot teaching and rc<^earch; and 
mcrre lomial faculis career de\ clopmeni itiaiives. 

'Ill shun il.fie t\u simnij nrrd tn prontme a lu^het quuliiv it/ fuiultv hfe that 
nuiir fnll\ tct /(v!Mf;i*\ uiid Ur\ciops ilie iit\etic tutotii unJ nui'inis of ali the 
tui ttltv 



/if .',n .iptntiin thf \>nijle nni\t 
t itrt n\c * "ittiihttinm \ SF 4 utr make i>i 
rli'xaic till' \lxJtu\ >'l fi'Ut huts' ,tit tnr 

■tippi'tr litMh ijtiuhi\ *i\\tt fit iitmut 
I \pciifvrniuiinn and i it'Jtt\c rJiit a- 
u,ntut u htihit \htp 

Piincl \ } 

Oe\eti*pmv YtMtiK Coticce httittitw 
t)iii Mt? Ihe C"' itu at Ycui s 10 fenxa c 



Increase substantially resources for instructional Innovation and 
curriculum renewal, especially for undergraduate education. 



Suppon for disciplinary research may be :nereasincl\ inadci^uaie but tunds for 
msiruetional innovation are nearls nonexricni. Lack of adequate resources a.ssu res 
inadequate aiieniton to "ong-term curriculum rencual. tonstricis the number of 
laeuliy engaged recuLirly m bi-oad-based insirueiional scholarship, and sustains an 
iinlonunaie and inaccurate imprcsskion m ihc minds ot many ihat teaching well is 
unimponani and v* iihoui merit. The currcni condition ot the Amenean educational 
infrasiructure should not be viewed as a problem to be lixed by a lew. focused, 
lemporary iniiiaiivc^.. All parties — education, industry. Suu id Federal 
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jiitinciCN. Jnd ihc public — must [ccocni^c iliai recubrly biKioeicd. loiic-icfm 
proufims lor cumculum renewal lo mainiain ihc jacuHy's mitniciional cKccllcntc 
.irc 3\ c:>\eniial a\ funds (or di<;ciplinarv renewal lo mainiain Iheir (cchnioal 
lUiTcncy. 

Theif IS a < ritu al nffd for rcvifw cx/innc hudvfi pnnnttfi lopt n\ uif hath 
itfw rf%mn fi and expanstan of ^ urrrnf fJinaHonal programs vnnstSffnt h/r/i fhf 
« iiftfum \mpuuom t of tfai htn\: and i eican h 



\ssumr primary responsibility Tor public underslandlnjt of science and 
[echnoJogv, princtpaily (hrough high quality prccollcRc teacher 
preparation and lower division underxraduale instruction. 



Vljnv Americans bciieso ihai knowlcdcc ol our holds has lilllk: lo do 
c%cridJ\ life, jnd thai coursewofL in nui areas need only be taken by siude/us 
prcpjrinc lortJrcen in our fields Whatever lesel ol scieniif'ic and icchnolocicjl 
hieracv wi: hope (o aiiain in ihis cnuniA-. indeed wliaicver haste le^-el ol" common 
cducaiiDn. svill learned primarily in K l 2 classrooms, jnd for ihoso who po on 
10 college, in ihe lower division cumeultim m the Freshman and Sophomore \iars. 
NJa;or. Mnc-term m^provemenl m seieniitic and leehnological lileracy can be 
Jifecicd most by hiph quality. disco^ery^oricnicd learning, principalis m 
precollcpc and losvcr division undergraduate curriculum. Especially critical, 
theretore. is the diNCiplinarv preparation ol those students aspiimc to precoilece 
icachmp careers in mathtmatics and ilie sciences, and the insir\Jctionjl preparation 
<il those ttraduate students aspinne to academic careers, Public understanding and 
jpprociation ol science and technology is important, not only for the preparation ot 
.in clfective and ,.ompcirii%e workforce, but also for broader concerns such as 
lUtom^ed public choice and quality «t life, To further these aims, laculty should, 
communicate their work lo ihc public, not |usi amonc lellow professionals, be 
tnnrc encouraccd and rc\\ aided for activities ihai contr.butc si|>nilKantl\ to public 
undeistanding and appreciation ol science and technology, and be more involved 
m Uk jl. slate, and national science policy 

tVy mu\i d^iume a \ireuifrif\pon\tr)tlii\'jni puhln undcn(undiiti{ of w trrn c 
itnd tiU lnudaii\ through hiah quoins insiimtuinal offerim's u> nU sindtnts and 
paHh ipjttim in u tfiu e and in /im>/<»c\ fdwtmnn pain \ 



■ Thfrf IS ii nitu oni rptinn m our um* 
wrjif/f J thtii teat liin^ and instrui - 
iittnat iiuwvoiittii aic /est \iiluahlf. 
It'iS diffii ul(. tv\s in'otivf. and k'iS 
H iudarh tUdn n'srun d Thr Fed ft of 
.'ineinmaif. fhmti^ili in av f m i fs and 
:inui pJ\t hudvrf pnntnic!. iharfs a 
ptiiiiipai 'r»fwiiiiihi/in fiir this 
iins\nntfptioii 

Hc.nci I 

\Utiiinn\! iind Muittiatmnv 

St tfiifitn and fi'c l.nnlimn al Literacv 

for E^ CI Konc 



Assure »dequatc carerr participalion in cneintcrinx, mathematics, und 
Ihe sciences by all senmenls of society, parllculttrly careers as precolfcKe 
or college faculty. 



"Xht <•lK•l'l^•<•'•/'»«.• mailtfinanis . and 
u icntf f onimunit\ i annof f\pf{ i full 
lupp/iit (mm \,sttcn u iJivc sfumfnis 
ot thai MH\c'\ pcun^r fh(miel\ f\ oi 
unwfluinfc and cu hidfd 



Science, fnathcmatics. and enGineering careers, be they professional practice, 
icachmu. or research, are viewed by many as ralher unexcaing. unrewarding, and 
non inclusivtf carvers. Tlwy arc i-icwcd as disciplines suitable for a select. j:itted 
lew. Cjreer choice is primarily a product ot experiences. Althouch individual 
fxpcr/ences ^ary considerably, and we. as laculty. ottcn have little intlticnce on 
ihoNC experiences ic.g.. parental nudurintf. role models, job ei^pcnencesi. ^^e do 
iiave considerable control over the educational environment in general, and ihe 
Mualilv of instruction in particular. Students ate not encouraced to pursue careers in 
iields in which they perceive instruction to be ledious and uninspired, coursework 
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flu- w/iw/i ,1/ uudvlUK m .-Jicj- 
'i <"»"v '^'tnUftiuiin \ iJiiii ihr uieittcs 

" tt lal I., lit,' \,ll,f,„ ^ lutUIV 

f.ufuiii\ >ii„un iif tn,t> nihc need 

■ /«»\/<'< in\ nivuiinntfnt ihai. ti\ imi 
< trnn\ and i xumptc .m// moke Waih- 
•le *i/'iT< \ ,/// uUuH five i>piinn ,ind 
■hen ti> puntde htyiU qi,al,i\ Pumiams 

/ m initattnn; aint PiepuniM! 

\iudnii\fnf { \in'e»\u\ 

f'trt i/j/cvf <//)./ < -dlrve f-m tiKs 



I fit\ii \'t\ , ..,ifi>e iidnunn- 
>,llltni\ muM .»■(«» f (If ;c ilioi uoie nl- 
tlic uti ,<M//i,< /ii/rjrf/ Iff hnaloiiv m j// 
ht> pai I ni ii,e ph\sti u( plum needed ini 
ti n* rm\ m W I ntttn \ rJiu dfnn, 

Panel lU 

liHntp,tiuin,i; \eH and f-:M,l\,nf> 
Ti l Inuthmifi t„(„ the Cm < u ulum 



to be iiTeievani orcu-cssi\cly Jomandnic. and success to resuli trom special laU-m 
or dcmoiiraphic similaniv. We. the science and icchmcal communiiv rcprcscm a 
small frachon ol oursocie.y. >ci ii „ socciv -ai.iarFc ihai dcicrmincs ihc 
co.idiiions under ^Miich ;ve work, and provides ihc resources lor uhai v,e do We 
musi be more inclusive. Broad colljboraiion amone umversmes. professional 
Nocieiies. indusiry. and covernmem ai aH levels, is needed, including- more 
cncaginu cumcula moiivaied by societal relevance; Jllention lo thr iransmons ,n 
ihe educational pipeline; improvements m entry.|e\cJ collcce courses: programs 
for career paths such as science journalism or tcchnoloev policv: and SMcial 
attention to precollece teacher preparation. 

h, lorne -neanur. lie must develop both an n,ni,nif cdiuuuimof enunniment 
and ntif Uxat em ntuoae.s oU siudenis m sin ( eed 



Kncourane the dc\eiopmeni of disco\cr>M)rlenied Irarninij ensironmenis 
;tnd technolcRv.bastd insiructign a( all cducalional le\ els. 



The ubiquitous lecture is the banc of true leamini!. cspccialls iri obscr^■atlOn- 
based. hands-on tields such as cncmecrinc. maihematics. and the sciences Our 
leciurc dominated s>sicm of education encourages a passive learning 
environment, mvucs the development of a mass production-oncnied hichlv 
companmeniali/ed (Iccture-sircd) cumculum. and. v^orsi ot all. msi.lls nenhcnhc 
motivation nor the skills lor life long learning. The o^erdependcnce on the 
standard lecture must be diminished with emphasis LMven instead to discover>'- 
onented learning m winch disciplinary and geographic boundaries become less 
distinct through networked. icchnolog> -based instruction. Siudenis musi be aciive 
comrihiiiors in their own education and in ihe education oi their teJIou siudems 
and faculty must be us creai-ve in their teaching as Ihev are in ihcir research The 
curriculum must emphasize laboratory and field CMicnenccs. aod retlcci an 
iniccrated approach to enf-meenng. mathematics, and science education Nev. 
lechnoloL-ies. together unh advances in the cognitive sciences, oifer sicniticant 
opportumiies lor indiMduali^.cd learning and teachinc styles. Thev also offer 
'mponant opponunmes to micrconncci all levels ol the educational infrastructure 
to brtnp more cohesion to the educational pipeline. Ther^ are also needs for more 
concurrent learning opportunmcs involving simultaneous studs and 
experimeniaiion; .n increase m information technolopv and coir.puier hicracy 
■imong tac^ilts and students: and a change in the culture ot academe, its tundinc 
agencies, and accreditation boards to better rccogni/.c the tnierdepcndcncc and 
coequal imponanccot teaching and research. 

IV> nwsf < , euic liiu o^ers-n, tented ieoininn euvn onments ifiui i apitalize im 
ihcfuUpny, c: i./ -n-M , nmmnim aiiou. in/wmaimn.and . i^nah:ut,nn m hmlovtei. 
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AlTAIiMNG AND MAINTAINING 
SCIENTIFIC AND TECHNOLOGICAL LITERACY 
FOR EVtRYONE 

PANEL MEMBERS: Robert Penyf Panel Chain, Gre^iory R. Baker. Barbara S. Beltz. A. Gordon EmsHe. 
David E. Goldberg. William D. Hum. Ian M. Kennedy James V. Moroney. Marjone A. Oln\.%iead 



In the year 2010, higher education will have assumed a leadership role and central responsibility 
for (he scientific and technological literacy of all citizens. 



VMSION OFTIiE>E\R2(M0 
VND BDOND 

We onviMon j society in vi.hich ihe public regards 
science. mjiherr.aciCs. and lechnology as relevant to their 
pcrsonjl U\ts. Encmeers. maihemadcians. and scieniisis 
jre percei\ed bs ihe public js vital to socieis. jiid 
scientific jnd technological literacy arc uell defined. 
Ensineermg. nuihematics. jnd science concepts jnd 
tiintributions jre communscated et'l'cctiveh lo jII 
■segments ot society, pnncipally through formal instruction 
in our schools and universities but also through informal, 
out'Ot-classroom educational opportunities and programs. 
The public can apply the principles ot science to the 
solution ot their eseryday prohlems. 



KnrOlRSESOF UTION 
\ND RECOMMENDATIONS 

As engineers, mathematicians, and scientists, our 
sision ol the future naturally recognizes the imporiance 
and contributions ot engineering, mathematics, and 
science to our e\cryday lives To most ot societv. 
however, our work is largely one of arcane subjects 
pursued in unseen laboratones and whose environmental 
and social impacts are often questionable, if not potentially 
disastrous. Mention our pt^ofessions. and most do not think 
about their home, their neighborhood, or thetr jobs, nor do 



they picture themselves ai capable and confident in 
applying even the most rudimentary principles, of our 
disciplines. Science and technology arc seldom portrayed 
ai human endeavors. 

Our vision for attaining and maintaininc scientific and 
(echnological literacy is based on lund amenta I challenges 
in four areas: the relevance of' science and technology in 
society, defining scientific and technological literacy, 
communication of scicnvC and tcchnofogy to society, and 
public perception ot science and technical professionals. 



Relexantcof.SciemT 
und Tedmiilog) inSodet) 

The manner in Wihich science and technology are 
taught in our schools and universities ib our greatest bamer 
to scientific and technological literacy. Too many science 
and technology courses fail to '•timulate and engage the 
students-, much less educate them. .Mostly, students learn 
to sit and listen -■►'«erve demonstrations, memorize facts 
and formulas, and. basically, \xork alone. Ftx>m the outset 
ot their education, they progressively spend less and le.ss 
time applying their know.ledge. pcnormtng experiments, 
panicipating in field tnps. or v-orking in groups, b it any 
wonder that most of society finds science, mathematics, 
and technology dull, tedious, and not relevant to their daily 
fives.' 
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NVe recommend — 
Lihi Mher fdiu anon and th e htSP ' 

— fmphasize c rcanvf. Jiscoxerv-niifnrfd. i allahat ait ir 
%fudfni Ifarmn^ at aft fdiuattonal Ifvels Integrate 
instruction m science. mMhcmatics. and technology us 
mucn as possible, and de-emphasize separation and 
companmenialization, Students should be encouraged 
10 develop informed opinions aboui scientific, ethical, 
and political controversies involving important 
\cientiriC3nd technical issues. 

— i xnand support for iuUahmafivf elfnns anuutM 
iti^infrnn^. mmhematu 5. u ir/n r. and nltn atnni 
!iti ulnfS III prnvtdf /;n»>i q\iaiu\ i nl!f\italf iii%H tu Hon 
til rntitirfiinv, mathfmain s, and siirmr fnr 
undfryiiadtiaie siiidfnis piepaitn^ for piei tflle^f 
trachwi} tarffrs No one would hire j teacher who 
could not read: by the same token, there is no reason 
all teachers should not be scientific ally literate. 

— < leaif an .\'SF OiSi ovrry ptn^iam tn expand supptm 
for diSi<i\er\>tmfn:fd. \iisirninnnal niatfnals 
Jt'xelopmfnt far use tn K-ll {lasstnnms. and 
fniotnaif all fn^iinffitnz. ntaihfmatu s. and sacni f 
fai tdt\ m partti tpaif <n uti b prn\i/ams Collaboratis e 
tfiforis beiw««n engineering, maihcmaiics. and 
science tjculiy. jnd education taculty and precolkge 
lejcherN should be e.specially encouraged. New texts 
jnd materials should: incorporate science history and 
philosophy bo<h in history and science te^s: include 
science and technology applications more frequently 
js part of mathematics education; emphasise 
NCieniil'ic concepts and processes and de emphasize 
the memonzation of facts and formulas: and include 
supplements relating contemporary issues ot the day 
^*»th discoveries in science, mathematics, and 
technology. Workshops lor precollege teachers to 
become lamiliar wnh the new matenals should also be 
encouraged. Of special interest to enQinrmnv faculty 
IS the development of precoHece instructional 
materials directly related lo engineering jnd 
technology. It is noteworthy that presently little 
engineering-oriented coursework is included in the 
precollege currtculum. and precollege teachers 
receive little, if any. preparation oriented to 
engineering. Activities should include plans tor the 
minutaciure and distnbution ot developed maienals. 
jnd the involvement oi industry m such dissemination 
should be strongly encouraged. 



— \ttppiut lUfrtitttuni development and in-seivue 
programs destined to assure a hi vh le\ el of sclent ifU 
and tei ivxnlo^mai luerJi vjnr ptaiitcmz teachers at 
(i// eJinatioiiat le\eli Espeeially eneouraged are 
collaborative elforts involving engineering, 
mathematics, science, education laculty. and pre- 
college teacheri. 

Defining Scieniinc 
and Tfchnoloeuai Lite ran 

Wc are concerned about the low level ot Amencan 
scientific literacy If we are to attain and maintain 
scientific jnd technological ' ;eracy among all citizens, 
then we must tirstdet'inc it in measurable ways. We must 
have standards by which to judge student progress at all 
educational levels. 

We recommend — 

To the White Hotise 

OJfu e til 5( tence and Tei hnnioMy Polii v. 

— appoint a Presidential ConimnSion on Norms m 
Literal V in Siienve. Malhematu ^- and Technology 
The Wh:te House Office ot Science and Technology 
Polics should assume a leadership role and appoint a 
Commission to h focus attention on the need for 
norms tor literacy in science, mathematics, and 
technology, tor both students and teachers, and 2) 
identity promising strategies tordetimng. measunng. 
and implementing these norms. 

To hi Vher edui anon and the NSF • 

— encoiita^e more faculty scholarship tn defining and 
meastnniM utenitju and ieiiuiolft\inal literacy. 
Research in scientific and technological literacy will 
also have an ancillary effect on shedding light not 
only on the scien'.ific and technical education of non- 
majors but also on majors as well. Indeed, rcsearrh in 
science, mathematics, and encineering education in 
general is as much an opporiumty for faculty 
scholarship js research tn science, mathematics, and 
engmecnnc Itself. 
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( oinmunit'uiidn orScirnce 
and TechnoloiT) (o Socieh 

Coirmunicaiion of science and lechnolocy to the 
pubhc IS woclully madequaic. i< not oUen misleading. 
We recommend — 

Tiihichfr fdiu ulitm 

— iii\f Zreatef tonsijfi aiion to popular farmv of 
pnhluatinn and dissemtnattnn /)f facullw n nrk in 
tenure and ninmoiion evaluations. We. as engineers, 
inaihemaiicians. and scieniists. musi communu'^ie 
our Nfcork more irequeniiy and erieciively ko ihe 
public, noi jusi 10 our proressional colleagues. 

— n dta e me lai i:e i ommumi anon harners that e.ust m 
the ( faisroam Effective communicaiion begins in the 
classroom. Protessors or encineerinp. mathematics, 
jnd science should be educated in effective teaching 
jnd communiCLition. jnd iheir leaching elt'ectivencss 
should be cisen more considention in the tenure and 
promotion process 

— I'tKomaQe and utpport nunc jaiults panmpation in 
huai nmfmiinii\ lU fiamzatinns. puhfn lihrain*^. and 
u hnnl\ lo neaif diSi. nvery e.xpinratot la in cmoitia^e 
hands-on involxfimeni in Siteme^. mathematna. and 
i'liQineeiini: Especially encouraged are activities that 
provide more ready access to recent engineering, 
mathematics, or science jchicvements through 
contemporary information technologies jnd 
networks. Faculty ^.hoHd aKo be encouraged to serve 
in a variety ol public forums, such as political olFice, 
school boards- jseum advisory committees, and 
local. Mate, and national science pohcy organizations. 

— inn case the nnmher of professional ^nente 
tommunitatovi Encourage more collaboraiivc eifons 
jmong engineering, mathematics, science, and 
tominunicatjon faculty. Engineering, mathematics, 
and science faculty on the one hand, jnd 
communications faculty on the other should seek to be 
more involved in each other s curriculum. We also 
suggest the creaiion of science/technology-oriented 
commu nicatjon program s. 

TntheSSF 

— f\paod uippoit {or coltahoi ative prn^rams between 
u leoi e and non-u lencf fac ultv to facifilale effecitvr 
u ifiti e and tn hnoio^y i ommunication The recent 



joint agreement between ihe National Seience 
Foundation. .National Endov^ment lor the Humanities, 
and the Department of Education for collaborative 
support 01 Leadership Projects in Science and the 
Humanilies i\ an example of an initiative with 
significant poiential to address elfective science 
communication. 

Public Prrcepiion ofSiicnce 
and Technical ProfcssionaU 

While It IS. 2rainying that the public perceives science 
and encincerint! professionals as intellisent. vie recrct 
being sievked aidull and noi reflective oi the lufl diversity 
01 American society 

We recommend — 



Tn lu\il}er cdiu anon 

— expand curanmial uiem e and u't hiifthfvv attii ities 
at schoois and f(i(lei:es. Such events foster positive 
attitudes towards engineering, mathematics, and 
science through fun and competitive events. 
Similarly, we encourage efforts to highlight the true 
diversity among engineering, mathematics, and 
science professionals, including ihcir involsement 
and panicipation in a wide variety of non-science 
jctivifies. 

— treate luntmfa and media prcsenrattons that 
demonstrate die s^ninl nmteKt within which en(;i* 
neerin^. mathcmatn s. and the si lences are practtced 
Many persons have some idea about whai lawyers and 
doctors do for a living, but little idea about what 
engineers. mathematic:ans. and scientists do. 

To Fedeiat fundin^a^erynes ttm hidutu SSF) 

— le-evafuate hud^et prinnties There is a mis- 
conception in our universities that teaching and 
instructional innovation are less saluable, less 
difficult, less creative, and less scholarly than 
research The Federal government, through its 
agencies and their past budget priorities, shares a 
pnncipal responsibility f orthis misconception. 

— < l eaie an SSF Ambassador Program. Such a program 
would support outstanding engineers, mathe- 
maticians, jnd seientists to visit elementary and 
secondary schools, as well as panicipate in media. 
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local, siaie, jnd naiional public loruros. These 
individuals would serve as ambassadors ic work «riih 
non-science prolessionals and sludenis to improve 
iheir undersiandine ol science, maihematics, and 
icchnolocy. und lo appreciate the human endeavor 
jsiociaied wiih these disciplines. Panicipants in the 
program would be nominated by the president ot their 
institution jnd would receive salary and travel 
suppon. 

the riifiinrenn^ nmmunux- 

Ut'i^ihifn the \ tsihi!in- nj cnqmefrtni:. Despite the fact 
ihat much oi what the public encounters daily is a.s 
mticn jn encmecring and tcchnoloeical achievement 
js It IS a scicntillc one. engineennc i.s not oiicn viewed 
js u principal contributor or originator. The 
cneincerint! education community, industry, and 
engineering proiessional societies should: develop 
engineering and technology-oriented matenals for the 
K-12 curriculum and for non-engineering college 
curriculum: promote visits by role models to schools; 
jnd include material describing the basic operating 
principles of technical products along with iNe 
Dperai I nt; 'assembly instructions. 
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EN(:oiR.\{;iN(; clrricilum renewal 

\ND THE DEVELOPMENT OF 
NEW LEARNING ENMRONMENTS 

P\ \EL ME.UBERS. Daud L Fn-yherq f Panel Chain. Sieve Cramer. Solomon R. Eisenbem. Frank J. 
Fclwr. \ufu V Vf Hae^iel. Frank V. Kimalski.Pacr D. Meyers. BnjM. Moud^tl. Martha C. Zmw^a 



In (he > ear 2010. grov^th. change, and creativUv in higher education wilt be as integral to teaching 
as thev are to research. 



\\ISI()\UhTIIK\K\R:ilM(l 
WO BnOND 

\Vc en\ision jn jtjdemic cn\ironmeni in which 
■jculiN jfc JN crCjiivc tn ihcir tcjchins as in ihcir rcNCurch. 
The vuiiurc iJi ihc jtjiJcm> mc^n and rc\\jrd\ ifachine 
.ind <t"«cjrch equalh. ^nd culuvaics indiMdujI 
.ivhiCN cmcntN Jtcordincly. SiudcnK arc acM\ c and crcaii\ c 
;>jriicipjniN in ihcir i>v.n cducjiion a\ »cll as in the 
s-Uucjiii>n iM ihcir tcllo>* studcniv Cumculj cmphaMic 
numerous, hiah ^uulitv luboraior> jnd Ttcld experiences, 
jnd rtMlcci jn intccirjied upprojch lo encinecnng. 
inathcmjiu's. jnd ihc sciences The Icciare driven. 
(.umpjrimeniuli/jiion or knowledge mto individual 
vourve-si/cd blocks IS replaced b> icam teaching andoiher 
■ ntecratinc. discover\ oriented learnine paradigms. 
pjritculjrK in the lo^4er diMsion. Students mcw their 
lormjl unucrgradujie education js the C3ijl>si ot life long 
Icjrnine Sprculizafion plays j smaller pjrt ot 
jndercrjuujtc educjtion. and science, mathematics, jnd 
lechnolocN jre pan oi general educution requirements ot 
jII students Substantial resources arc j\atlable lor 
sumculum renewal and instructional scholarship. Higher 
,'ducjtion jk.tuelN collaborates \Mth precollrge education 
'..> assure hich-quahi) academic preparation and a smooth 
transiiiun lor coltcec bound >tuJeni«. Nc\^ technologies 
.irc used at all educational levcis to enhance the quality oi 
'.he learning environment. 



\ .Vi ( 01RSE()F\(.TI0\ 
\ ,) RECOMMKNDXTIONS 

Our sision 01 the future requires one principal, key 
course of action — a fundamental t hanee in the Culture of 
higher education, its tunding agencies, and accrcdrtation 
institutions. Hie culture ot the universitN must be changed 
NO thai pedagogy and research become equal, dynamic 
partners in the mission ot the university. The lenure. 
promotion, and reward system, the budgeting pnorities. 
and the administrative organization ot colleges and 
untNersities must be modified to roster and reward 
creativity and growth in teaching as weU as in research. 
Federal, state, and other agencies that tund and evaluate 
education must undergo a.s much of a change in culture a.s 
that of academe. Resources for instructional expcnmen* 
latton muM be equal to those tor research. Accreditation 
organizations must value curriculum renewal and 
encourage inno\ation We. iheretore. recommend the 
r'ollowing actions. 

To higher rdm aitnn 

— apply ifniiie pinmnntiti. and ifnuid iwna nt wa\i 
that vaiuf o*td em intt'o^f tfai htn^ wtu iiiMi'ticunnai 
ichnlar^hip A faculty member's lime is a limited 
resource that must be divided among creation or 
knowledge iresearch i. dissemination ol knowledge 
and thinking skills (teachingi. and administration 
■ service i. The most clfective means to encourage 
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jrejier isculiv aciiviis and crcaiisiu in cumculum 
renewal and ihc development ol new learnmc 
t'nvifonmenis is lo iruly cncourjce. recoenuc. and 
reward laculiy pariicipaiion iii cducaiional 
L'\penmeni Jlion and innovatiun. 

iU'winp pvfr-huKcd mfas\ire\ at U'ui hniM qualux an J 
-.'iMntt iional f/frcii \ enesx. Teaching presenis 
challenger, lor evaluation ihai are. in many ways, 
unlike ihose lor research. Nonetheless, v.e bclie\e 
peer-based mechanisms, now readily accepted 10/ 
research, hold ihe most promise. .Among the possible 
mechanisms are: retereed publications and pro- 
vccdincs. peer-rcvicwed orants tor educational 
.'\perimentaiion and inno\ations. protessumal and 
public presentations, classroom msms d\ lacultv 
wolleagucv. alumni esaluaiions. and e\ternal peer- 
review 01 teaching materials and other distributable 
vJucational products te.c. textbooks andcoursc\harei. 

t\iah{i\h t^crmanrnt jttnd\n^ /m mrniutum 
Ai'\cliipnifni and renrnal Universities in general, 
jnd indiNidual departments in particular, must 
recogni/c ihai the development and maintenance ol a 
quality curriculum ts a continuous process rcquinnc 
predictable lone-icrm resources, includinc faculty 
release time. 

t Oi iriii'u\n' ui\d icy^atd futiiliv ii\\iil\enn-i\i m 
■p (•< cdmanan The sophistication and 
cttectiNeness ol any undcrcraduate program is 
inherent! V limited by the metis ation and abilities ot its 
enterinu students. Clearly, it is in our national interest 
and our interest as taculty to he actively engaged in 
improving the quality ot prccollege instruction. 

it\suPir Mtcaier t c^pinnihrhi\ joi ami Ji\%rmmoitim 
»f niniiiative edmatinii devdnpmenis hc\ond the 
niMUitiuin Successful and umovatise educational 
programs are products of considerable cifort. >ei 
intormation about the<e effons often docs not reach 
beyond the immediate eampus environment Support 
tor v^oriwshops. conferences, etc., vhould be provided 
to facilitate educational dis-emmation. 

■- ,liniiiian' harrieit ,,cutvd h\ thpui ttnt'ttiat 

hiuindai ie\ There are many exciting opportunities 
and possibilities for interdisciplinary curriculum 
innovation. Unfortunately, many aspects ot the 
current organizational structure — parlicularly ihe 
practice ot allocating lacultv, Mjtf. and teaching 
assistant resources on the basis ot departmental 



undergraduate enroHmenis — tliscouraces explo- 
ration ol interdisciplina/y approaches to teaching 
Universities should exptore the development ol 
organizational structures that encourage inter- 
deparimenial development 01 curriculum, particularly 
in the core curriculum. 

— cncouroMC more in'aii\ e {fcdavii\'u a! tiu hiiK/ues and 
navef (earninn cm utmnifnis as aiirntaitvfs to ihr 
standard hi twe jitvmat AUematises to the standard 
lecture tormat, such as ■ just'in-tinie" instruction, 
team teaching, and classroom environments with 
open-ended problems, x^ould de emphasize rote or 
result •i>rtented learning in tasor ot more dialectical 
approaches 10 sols inc prot^lem . 

— iiijusi' more itmipiiier and mjtn mainui ict hnnhiMia 
into ihe iun 11 i</i^ni m eithatuv htuh ii\c mielleiiual 
and ihe t ttmpitlttltunal element i oj \tienie and 
cfWnvi"mM etUaaiinn. uuh as tnieimine inmpxiiev 
smudantms and afit/n- 'I nueUiMem e. Funhermo/e. 
undergraduate laboratories should be continually 
upgraded to include open-ended experiments 
employing new and emercmc technologies as well as 
traditional equipment. 

r< 'Juiidit/M t; v't'n* la 1 nu iiulin vr .\'SF t 

— >niii'ii\e \uh\tannatl\ ynpptni wt taiuiis tmirux ■ 
Fiiniiii iifiunaitoii tiiid editt aimiuii i-xpermentahon. 
i speiiaH\ fill nndet \:'adtian- i JtiiUiiiin Current 
support IS veriously insufficient to meet Ihe needs and 
demand for curriculum reform at all educational 
levels. 

— cni tiiii tivT iinJri i^iodnaie and prei ullcve edui aUnnai 
I omponenti in l eseaiih viaiu^ Besides Ihe obvious 
technological bcneiits. fcdcralls -luiidcd research at 
colleges and uniserstiies has the potential ol 
contributing to the education of large numbers of 
students, both majors and non-majors. Funding 
agencies should deselop methods tor assurmg that all 
students benetit from research pcrtormed at their 
institutions 

Tit ihe nutmnal n fenritu icadmhp 

— TUe ^hne Knnse Offue nl S< icm e and Teihnoln\(y 
Pnlii \. the l^atinnal At ademxes nt Siiencf and 
Encm "f/JC'. the Naiional Sc tent e Binird. and similar 
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ittsintiiioii^ and nr^onizatinns. \houid JMUnie 
U'ddfr^hip in assrsstn^ and reipondmv in the tmpan 
"I Fedfiai rfsfatvii fundtnM puiuifi on the 
i'ditiatiotiai mt\$ion of U S. untversittrs Since 
(caching programs compcic wnh research programs 
lor many or the same human resources, aiiemion to 
ihe balance or ihe research and educational missions 
«>t colleges and universmcs is needed. Since Federal 
lunding ol research can have both positive and 
negative clfccis on the educational miSMOns of 
colleges and universities, the national engineenng and 
NCiemific leadership should assess the impact or such 
lunding pcricdically and help assure the health and 
V jtalily 01 educational programs. 
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P \ \ K L III 

INCORPOUVTINC NEW AND EVOLVING 
TECHNOLOGIES INTO THE CL'RRICULUM 

PANEL \tE.\tBERS: Sully Wood (Panel Chair). Roben L. Bryant. Robert St Hanson, Anihony R. 
Irtiirajfea. Jahn R . KenJer. John J. Lcwandowski. Sue McNeil. Helen L Reed, Ronald J. Roedel 



In ihc >car 2010, a wide v ariety of technologies will interconnect all levels of the education pipeline 
and provide individualized, discovery-oriented learning opportunities that develop the 
intellectual, computational, and physical elements of engineering, mathematics, and science 
education. 



\ VISION OKTHfUVR 2010 
AND BEYOM) 

Wc cn% iMon j luJure of icchnolocy-hascd. disco\cr\-. 
.incnted Icarninc in \^hich disciplinary and ecocraphic 
hrtundancs bocomc Ic^s disiinci ihrouch nci\^orked. real* 
lime icjchinc and research. Elccironic Icaminc libraries. 
Jireci acces\ electronic media, jnd ihe iniegration oi 
uboraiorv and inMrumeniaiion raciliiies pro\idc 
uoncurrcni learning opponuniiies invoiMng simultaneous 
^lud) and eupcnmeniaiion. ip.quirs and veriilcaiion .Ne\s 
rechnotogies faciliiaie new forms of Icaminc. neiworkint. 
jnd interaciion among students and faculty, and redefine 
iheir mutual roles in education. New technologies, 
together with advances in the cocniiive sciences, provide 
ihe resources to address different learning and teaching 
^t>les. Technological and computer literacy is nearly 
universal, affording more and higher quality opponunities 
tor design, open-ended problem solving, and other hands- 
on expenences in prrcollege and undergraduate cumcula 
^ \nde sarieiy of communication, information, and 
sisudiiiaiion lechnoiogics inierconnecr all levels of the 
educational infrastructure bringing more cohesion and 
coherence to the education pipeline. 



KR LOIRSESOKUTION 
m RECOMMKNDATIONS 

Unisersity and coMe^e jclminisirators must recogni7e 
that state -of -the-an instructional technology will be pan of 
the physical plant needed tor a tv^eny-iirst century 
education. Therclore. our vision is based on tundamental 
..hanges and initiatives in two basic areas* nctwohting and 
infrastructure development, and curriculum renewal and 
learning environments. 

Nctu«rkinj£and 
Infrastrurturr Doclopmcnl 

Computing and information tecnnology on most 
precollege and college campuses, more often than not. 
resides in isolated rooms and laboratones as stand«alone 
resources responding passively to student commands. The 
full potential or contemporarv technology must be 
unlocked through universal networking and imaginative, 
interactive coursevsare. Faculty muvt learn to use these 
resources effectively and to develop n<*w teaching 
techniques that help students navigate the network. 

Actions recommended — 
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FnhiMhct i\itnau<>u 

— ( ivatf a Suiuinui EJiu uinui Sri\i. (ni. on 
tntornuuutn Miper hi ij/iM uv. ' ilufi pi (i\ ulrs m t a.s to 
all lolWecs and iitnvf rallies, us my// us etcmemui \ 
unit wmniiarv nhnais The NEN wourd afford 
unitorm jccc ^ f.g.. students. Ijculiy, indusiryj and 
v^ould suppon J broad array of informaiion exchange 
jctiviiics. including informal communications, data 
iransmisMon and manipulation, real-iime enperi- 
mentation, remote iiie inieracnon. recruiting, 
udverxismg. and so tcrth. The NE^ would also require 
dcveiopmeni ot standards rrulcN ot ihe road' i and 
programs tor leachinc users etfeciive intormaiion 
luviL'aiuin 

fo the \ SF 

— vKpufKi pret cHi'itr tttxd nitUrt \:t tttluutf {fnn^rum^ thut 
t'iuoutUKe hold u'cs nf /ft /im»/fH»\. cspet tuU\ ttui^e 
thut \upp<ui c\ptni<iiu)n <ii uliftnati\e ft'Uihiini und 
(eutiun\! uppiruii hcs to uddrcts dilfeieni t oi!nitiie 
\t\U'\ Vw technologies together uiih advances in 
ihc cokiniiivc sciences may soon provide opporxuniiics 
i« develop ifdrning environments that are more 
tailored to individual teaching and learning styles. In 
csiCiKC. through technology \^e may reorient our 
mass production, kciure-driven curriculum to one 
locuscd on individualized, discovery-ortenied 
tojrnxnc B««pecially important are innijiivcs that 
ouraec mnovations involving both networking 
icvnnolugics and their interlace with siaie^oi ihc an 
laboratory equipment and inMrumeniaiion. 

Tn novel nmrnt ie\:t\lutttr% 

— prniidc iinentne^ flcstslaiioHt Jor industry to 1 1 
lontnhutr new tet Itnoln^v Jnr universities, toilettes, 
und K''I2 I lussioonw. imiudinv mumtenunce und the 
le^tdui' up^iadin^ oj the information technology base 
und instrnmentuttn'i. und 2i provide support for 
i-mplovee invoiven.ent m und t ontiihuxions to 
rdut uiinnul pronrums 



( urru'ula Kcnrwal 

ami Lourninp tn\irnnmf nis 

The use ol technology in the cumculuni should not I* 
.1 subsiiiuie tor hands-on. cxpcneniial learning: rather, new 
itfchnolocies should be used to leverage all aspects nt the 



mtellcctual. Lumputaiionji. jno physical clcincntsot 
cncineennc. mathematics, and science education 
Actions recommended — 

Fo higher ediuunoii • 

— ussure that triune und primotton nitcnu ure upphed 
%o us to ir( Oi;iii:e und ^e^ofd }iu \ilt\ < rrativitv in 
incorporuttn^ new lechnoloiiy iiun tustrnvtinn . 
Without adequate recognition and rcwurd for 
instructional innovations of all kinds, it is unlikely 
that cunicular renewal and the development ot new 
learning k'nvironmcnts a ill evolve as quickly or 
creatively as current technology already allows 

To hi vhcr cdiu ution uud the ,\SF 

— encfiuru^e tuiru ulum tnn(iyutioH\ thut fonts on 
ircuttvit\ uud dmoM fv nt irntcd U'Uiimn! through 
ti-rhnolocy Create compuier-oncnicd discovery 
laboratori(!s that provide opporiuntiics tor both 
sirnulalion and in(onrt>ation manipulation and physicil 
observation and cxpennicntaiion. c'spccialh ' ith 
remote sue interaction. Insiruciional innov„ uns 
tailored to different cognitive styles and the use ol 
technology to tosier group communicai ion and 
problem solvmgare alsoencouttged. 

— i I cute u Sutinnul Desmn und Dtst o\ ci v Resource 
unessthic ihiotmh the ,\£;V thut fnoMdei u luh 
leSDuiic oj deMvn e\un\plfs. pioniem \rts. 
c\pei imeniul dutu ut\d results, und other iii.\tnii tiimal 
mutcrtafs. This electronic lacility. a soa ol "on line" 
citploraiorium, will make special design and 
discovery resources available (o all colleges and 
schools that might othenvise only be available at large 
research institutions or government laboratories. 
Encourage universities to provide release time tor 
faculty to contnbutc "netwafc" to the NEN dumcular 
database, and NSF to provide grant supplements tor 
educational network software, data, video, etc. 

— promote und expund prn^rums l^r undei i:iUfJuuie and 
iecondui y u hool n'scurtti c.\peitcm es und other W' 
depth leummv e.xpencni es. 

— develop ptoiiiums to eduiute students und fuiulty m 
techniques to tomhui infarmatitin mcrhtuJ. auh as 
f ntu al ininimuitnn nuvi^ution und mformuiion 
wnthesis. 
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- U'uhip MintJuftl\ {hot enmtituw imntu imtiot 
I \ni'i mn'ntimnn and ii'i htuilti\:u oi intun uinni 

t xprrn'iu C},. iHifi JfStiphnarv luhiftts. ouii noix- 
:> uaititmui Jci^i c tif.uom 

Impliniiiiin^ for 
Incn'UM'd P:irlii i|»annn 

A N'JifonjI F.du^aiionjl Neiwork. j Naiional DcML'n 
mil DiNco\crN Resource, jnd jn emphaMs on ihc 
icNciopmeni oi Jlicrn;iiivc in>irutiionjl mcihods Jll 
:ddrcN> iNNuo ol cqujl jcccii. This jllcsn would be 
indcpcndcni oi ccographic locjdon or inNiiiuiion and 
^«»uld jIIow more individu jlized inMruciion to mcci 
Jitlerenccs in coi?niii\c sules ConNcquenily. v.c bche\e 
ihai J \*eil developcd and \* cll injinumetl nciworkcd 
icchnoi<ii;\ miraMruciure would provide MKnilicani 
iipporiunmcs Uir larucied program^ aimed ai increaMn^ 
l»jnicipjiion \\s undemsprcsenlcd groups. 
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p \ N r. I. I y 

ENCOURAGING m PREPARING STUDENTS 
FOR CAREERS AS 
PRECOLLEGE AND COLLEGE FACULTY 

PANEL \f£\fBERS: Mark 5. Mhnichi f Panel Chain, Linda M. Ahriola. Charles R. Doerimi, Phillip D. 
(jttuld. U fftdell T Hill. Carl R.E Lund. Lynne Molier, Mamtdala Ramulu, Peter Sarnak 



In the >ear 2010. higher education will prepare outstanding students for all aspects of faculty 
careers ut all educational levels. 



niSION OFTHE^F.^K20!0 
VND BFAOND 

Wc fnviMon a fuluro in vrhich engineering, 
maihemaiics. and science Taculiy are j<.'iively invofved in 
ihe preparaiinn ot fuiure tacully al all cducaii.^* a! levels. 
Teaching catecrt are viewed as open lo ail n-.^mbcrs of 
^ocieiv because members uom ail major demographic 
groups are v.c\\ represented at all levels and disciplines, 
{•acuity are vkcM-intormed and well-prepared to assume aJl 
aspects ot their academic challenges and reiponsibilities. 
There arc adequate resources for effective teaching, 
including taboraiary space and equipment, up-to-date 
teaching and research facilities, and funding for both 
research and teaching excellence. Good teaching ts 
encouraged and rewarded at all institulinns. including 
research universities. Extensive in5eraction among 
university, college, and precollege teachers racHiiates the 
integration ot teaching and research. Cumcula encourage 
Mudents to think crittcally. creatively, and independently 
at all levels Pedagogy is imponant both in preparation ot 
laculiy as vhcll as in their conlinuing professional 
development Persons with experience m other areas, 
including industry and government, are encouraged and 
prepared to leach. Substantial etfons arc made ;ii all levcfs 
to identity, recru it. .ind retain potendai (eachers. 



KH COLRSESOF MHOS 
m RECOMMENDATIONS 

The success of the current cffons to revitalize the tJ.S. 
educational infrastructure depends on the commitmeni and 
collaboration of a number o1 communities, but mostly it 
depends on the faculty. They, after all. teach 'he future 
leaders of our society and prepare those who. after them, 
will teach future generations. More imponanilv. long-term 
success will depend On those new laculiy vvho enter the 
teaching profession wnhm this decade because it is they 
who will shape and define our educational institutions well 
into ihc neM century. \\ is they who. in large measure, will 
bnng about the new paradigms needed in education. 

This decade, however, is also a (ime of unique 
opportunity in the preparat/on of the next generation ot 
new facuUy ll is estimated that ^s many as half of the 
tenured college professonate will rxiiirc v,ilhm the decade. 
Further, only one qualified science and mathematics 
teacher graduates annually for every ten school distncis in 
the country. Thus, with successful recruitment and 
retention strategies, the next generation ot faculty who 
enter precollege or college teaching may do so in 
unprecedented numbers. Funhcr. if adequate numbers of 
persons irom all societal groups arc to be encouraged to 
pursue leaching careers, then the demographic shifts in 
ethnicity and gender of the future workforce, and its 
consequent effect on societal expectations and demands of 
contemporary hfe. will need to be given special emphasis. 
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The L'ducJiion of siudcnts in cncinccnng. maihc- 
iiiaiiCN. and ihc scicnccj i> crucial to the Nation s future. 
F.quaiiy crucial, therelorc. is the need to tostcr an 
ciivironmenl thai, by our elfotis and example, will make 
leachtnc careers an attractive option, and ihcn to provide 
hiirh quality procrams tor lUosc aspirinp 10 leisching 
cjrccrs. 

f)u< vision of the luture requires Jundamcntal changes 
in three major areas: taculiy developmeni. encouragement, 
jnd resources; desirability and perception ol teaching 
sjrccrs: and curriculum development. 

Im ulh !h*\rli»pnicni. 
Knt uiirauenieni. ant! KcM)uriT> 

Hichly-qujiilied. ciilhusiaMic. and well-icwardod 
laculis js role models jre probably the most ctfeciive 
means m jiiraLt siudcnts to pursue leachmp careers. 

Wc recommend — 

f, thief iff i'Jiu Ulinti 

- i \iuhli\l, sn>iufi(anif\- mnie cndny^ ed t hairs /nr 
I vat iiitw: e\t clleme u>\d (tutnu titmai Siholaiship. 
* \pvt <ull\ ,'nr ivnured. uisot loic pi nfcssors. The 
prospect u! receiving such near-term support should 
induce some ol our most talented assistant professors 
to aspire to broader accoti^piishmenis. and for these 
t.Kults vsiio receive such chairs, to propel ihem to 
inchcr Io\cls0l academic leadership 

- . «( ttuioMt' uiul uippnit yienci<fui{\ thf heu farultv m 
X'Uih i';i/M /«'\r/ (nut If s in cn\iinecnn\t. matlie' 
mailt i. and Hit St ictu es The quality ol instruction 
durini! the Ireshman and sophomore years has ^ 
prolound affect on student recruitmcni and mention 
in general, and. Iherclort. on ihe pipeline ot poienlial 
luture eraduaie students in particular, especially 
American. born students. Indeed, wc cncourace 
support lor all f ngincenng, mathematics, ano science 
faculty to participate in programs and activities to 
improve the quihty of their teaching and instruction at 
afl levels 



^/r/n'^.ST 

— iJe siippoi! lor fat ulfv Jf\riopnifni sahhaut als 
fur K12 leat hers and < nuimitnm t ttlle^e instruanrs 
at tmal tnousiries and univeruties to ftnouraze them 
in matmaxn hnth (hfir (ct hnit al t iirrenrv and thetr 
enthusiasm 

— rnt oitra^e faculiv cx.ch&ngc programs hffwfen 
ifseanh itniverstties and undergraduate loUeaes tn 
crnsS'fertihzc excellente m wathini ai\d research 
umnn e all instttun nns . 

l)o>irabili(\ and Pcrcepiion 
ofTcai-hinglaretT^ 

A recent survey of over 2.000 cngmc^ering graduate 
students revealetj that nearly iwo-»hirds had no desire to 
pursue an academic career. Indeed, since 1966 freshman 
interest in faculty and research careers has declined 
steadily by nearly 15%. While, undoubtedly, many faetors 
atfoci career choice, one fact from tlicse statistics is very 
clear — teaching careers are noi perceived as very 
desirable to many students. 

We rtcommend — 

r fj hii^her education: 

— fmrea^e Mthuantiail\ the twmhe* t*t fai uUv from 
andencpiescnrcd ){ffuipi Such tacuiiy serve as 
imponani role models for the fastest growing «gtneni 
of our society from which to rccruii future faculty. 
Further, we encourage suppon for coniinued study of 
fields of e ngincenng. mathemaiics. and the sciences 
in which underreprtsentcd groups already participate 
in significani numbers so as to better understand the 
issues and factor? affecting their career choicts. 

— develop prestigious teaching internships for 
engineering, marhematus. and St tence graduate 
students Qspinn^ tty favultv careers in ht^her 
education. The internships would be to recruit and 
belter prepare graduate students for their full 
responsibilities as future members of academe, and 
especially 10 improve their abilities in effective 
teaching and instniciional scholarship. 
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■ - . ypmitt futttiittnt^ i,f If ((/(fa utptet nllt-tif icut /kti tint! 
suft <fllr\;c \t(mcni\ tn pantt ipuw tn i C\coriii ptotft ts 
III hit at utn\ ct siiif^ itt eitctittfuve Mudcuis ti> t nt.uder 

— >tuii-u\t \nppiiii ttn mffumc/ \t tcinc pidviains 
tiir^fteu in tiemxitijy and ilartfv uitme and 
it't hiuthi\:Y IK ^citcrai. but e\pfi wtl\- iho\e tarvcicd in 
hxnaden ptthin utidfr%iandiii\j nf prfittUrvf and 
: •tlfeccidtiiir. laie^x 

i urririiiuiii nn4'iii|intt*n( 

fjrccr jiiraciion in one twuc. hut tormal academic 
prcpjrjiton is jnoihcr. 
We rccnmmcnd — 

ftt luMiirt t dm aiiim and ihr \SF 

— mpn'w the Quain\ <if pirmlli-ac and trnda vradwie 
iitMiUi iiitti h" uii >mdc'U\. thcn'h\ luit mnaviav ninw 
\U{Ji'itt^ m fm\rJi't taicf « j« pi ft i>llt'vc and mne\'( 
U/ttin\ Suppodivc. enthusiastic laculiy set an 
f^amptc thai siudcnis percent tavorahly Thet? is no 
more Ci)n\in(.inc means (ii demon^iratinc that a 
.cj.nmc Ljrccr is enioyable. vhallencinc. jntl 
ifuinv!. 

- 4 rj( itinj\if , nUohmaUw utadfmt, pniyifunw wul 
t unmtlum u<-\(Uipmctu t/titnitM t'it\!iiifct ntv . 
ntadicntaiH \. u icmf. and rdtu a 'ijandis in a sunt 
/ifv'/i quaht\ Jt\t iphnat \ picj iwut tif siudfni^ 
mifn \tcd in pifintif\if icailnn^ The collegiate 
preparjtion oi siudcms tor precollege teaching is the 
most direct, ettective. and long-tcrm means m \hhich 
hitthc education can aifect the quality ot precolleee 
instruction lor all students 

— Jcwittp < unHnh <o tmpha^tzf i ui\S'diu iplnun \. 
phiiitMtpunai . and htMiunai Jnitt\.\tiim of 
fn\i\t\ft'nn\i. "\athfma\ti\. and iftv '^t<cnifs 
Cnctneering. mathemaiccs. and the sciences must be 
portr3>ed as more than a body o^ knoMicdge. hut 
rather as a human endeavor nth m history. 
philos<iphtcat debates, and vxial implications. 



fulniidifiK a\!t 'i, ii-^ fi"i tiidniM dw \ ^Fi 
itiidnidusm ■ 

— e.xpand iht- vttit f: nf mppwi fnt t ia\\r<utni-t(Ufjlti\ 
{tifcidfe^e nniiiit imnal ntat^ruils and eduiaitimal 
iesonries For example. \^e encourage local 
companies, colleces. or cnvemment laboraiones lo 
provide computer access to precollece students and 
teachers. 
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1^ \ \ i: I. \ 

ASSIRINC; CAREER PARTICIPATION 
BY ALL SOCIETAL GROUPS 



PASEL MEMBERS: Susan L. Bram(e\- {Panel Chuin. David T. Allen, Hem Btisi liAi^lwiac 
Cii V , DaviJ E. Keves, Diane Marshall, Carolyn IV Me\ ei s. Darnel C. Nm era 



Paul A. 



In the >car 2010. higher education Viill renect the full range of societal diversity, and careers in 
engineering, inathematics. and the sciences will be viewed as accessible, challenging, and 
rewarding careers by all segments of society. 



WISION nKTIlEU:\K .>010 
\.>DBDOM) 



KKU.tURStSOF \(T10\ 
\NDKt(:OMMEND\Ti(AS 



Wc L*nvision in ihc \cjr 2010 encinccring. 
MijibomjiaN. jnd science protcsMonjh irom jII so«incnis 
>>i American >otici\. who arc pcrcoi\ed js tojcline 
produvtisc. iniercNiing. and rcv.ardinc careers and lises 
There l^ rcjd> accc<:s lo our disciplines recardkss oi 
v'lIiniL. L'ender. physical, socioeconomic, or cultural 
^ai.ki:round r.ncinccfinc. mathemalics. and science 
vurriLula ai all educational levels emphasize human 
prote.ses. reintorcc equal access in classroom techniques, 
and desL'lop a sense ol communiis among all siudenls 
liuroduciory .lesci undergraduate courses encourage, 
inoiis-aic. and inviie students into our liclds, and noR- 
inajurN receisc high quality inMruction jn the technical 
disciplines through an integrated curriculum. The 
educational inirasiruciurc provides icachcrv with iraining 
-ind expertise lo prepare studcnis ai an carl> age vmh ihe 
skills ncLCssary lor suLcessiul careers in cncinecrinc. 
mathemalics. and science, including complemer' »r\ 
lechnical careers such as technology policy and science 
'ournalism. The reward and compensation systems m 
j^ad'jmia and industry reward mentorship actisiiies. 
^oinmuiiiiy >.ersice. and poliiical insolsemeni 
ProICNsional advancement recoeni/es the career inicrcsis. 
Micial concerns, and personal nced\ ol discrse groups 
>.^itnin Ihe lacults-. 



The encincerinc. mathematics, jnd science 
community cannot expect lull suppon trom society if large 
scgmcnis 1)1 thai Nocieiy percene ihemsclves as 
unv^elcome and excluded Thcrciore. our s ision ol the 
year 20H) depends on systemic changes in ihrcc areas, 
enriching ihe pipeline, plugging ihe leaks, jnd career re- 
entry 



KnriihinjiihcPiiJilinr 



The image and excitement ol engineering, 
mathematics, and \cience must be enhanced, panicubrly 
m Ihe early grades. We musi encourage coniinucd interest 
and study ol science and malhemaiics at all educational 
lescls. regardless ol career participation, and especially to 
undcrrepresented groups 

Wc recommend — 

Til lii\>het (dm ii/in/i and SSF 

— i#ii /»<i(ue<' nu'if I'K'i'k'f'Mifc ittoffifni'jfn s. aiul 
w \emc lutuli^ I" hf/ii Ni partncr^iiip m//i rdmaann 
}m nti\ and piei nileMt \cai hvt \ ai 1 1 improve the 
ii\toii^\ (If .tiHei:tatr inKtrmium in fii^Mieerim:. 
maiheniuin i. ana the it u #/tex /<» iinderQiaduute 
tttidcuti prepaitna jot ptei /»i,Vce rrui htn^ t areet \ 
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cypfiiaih- in inr eattv {itadc^. and 2t prepatf 'I'V'/i 
,fnaiiiv matenals and tnstnu tumal aids fm- thf K !2 
turruuiitm Helping to improve ihc ovcnill qualiK or 
icacherprcparaiion and educational matenals tor all 
K-l 2 students is the most direct, long-term action 
university facuity could " • lo assure greater 
inclusion ot all segments t ,ociety m careers in 
tfnBineenng. mathematics, and the sciences. 

— enfoutanf more faculty to mrerac t w\t'n the new\ 
medta. to educate fournalixis and other public 

•rtuniiatnrs tn lechntcai matters, and to 
•ntnate the rf suits and tniportatue nf thar Mark 
tuttic Jncitis tn the puhhi Encourace principal 
-nNestiuavors ot N'SF uranis to disseminate their 
fcfsulis in public lot^ms as well as m learned journals. 

— r\f}ana Jn'cit i nmmunti attf\ns with prei ollece 
> .. . 'Its thntiivh stti h means as m eeklv s tepnm 
'« inholasttt Weekh Readerh relcYt^ttm pro^rann 
about Mieme and tec^'"ato^\\ i>r utrnputet 
tietwttrktn^ v. tth local untverstttcs attd tndttstrtcs 
r.\pand outreach pro^ jms or extension courses tor 
parents and the local school communiiy. 

Plugginuihc l.oaks 

Recruitment is one issue, retention is another. Too 
manv students j/c lost to careers in encmeennfi. 
cnaihemaiics. and ihe sciences by uncncagine cumcuta. 
isolation, and lack ol guidance and mentoring. 

We recommend — 

T it higher edm otion 

— tntroduic more flexibility and tndivtdual <areer 
development in the appttcation n] tenure and 
promotion irtterta. including, for e<ample part-time 
tenure-track positions. There is a signi^ .nt need to 
recognize dependent care, partner employment, and 
non-traditional career paths to encourage more 
persons tram underre presented groups into academic 
positions. Greater recognition must be given to ihe 
importance and demands of role models, to those who 
successfully recruit members of underrepresented 
groups into the d/sciplincs. and especially to quality 
teaching - perhaps the one activity with the greatest 
impact on student interest, recruitment, and retention. 

— Ae\e(op means be\'ond student evaluatuin\ to provide 
projesstonaL peer-based feedback to the facullv on 



the £fuattt\ iina ellct tt, , nns oj their teachini*. 
espec tally ^^tth regard to their tjfei tti eness tn 
teaching members <>} itnaerrcpresented voups ■ id 
■ on-tradittonal Students Most umversme* :nd 
colleges have tacully and statt on their campus who 
arc skilled m such evaluations, but. sadly, they are an 
underutilized resource. 

— expand support programs, such aS need-based 
graduate fellowshtps. undergraduate ulialarshtps. 
formal mentoring. at\d tutoring programs ini'olvtn^ 
jaculiystudent and student-student tniera> i\on. for 
members oi'tmaerrepresented vroiips 

Tiihtiiher ediii atum ana .\SF 

— reshape and revitaltie the loMer-divtsion. under' 
'graduate currttulum Since the aiiniion of 
undergraduate <>iudenis is greatest m lower division 
courses, this curriculum le^cl mo^t needs attention. 
In large measure, atl faculty need to teach less, and 
uncover more. Introductory-levet courses must 
emphasize scienttfic concepts more than isolated 
facts, including the development of courses that are 
more interdisciplinary, discovery-onented. involve 
teamwork, and employ problems of interest and 
relevance to the students themselves. 

— encottra^e initiattves to foster tmeraction between 
faculty HI educaii"" and tn tcihntcat fields. 
Collaborative educjn. .lal research on the pedagogy 
of science jnd engmeer/ng should be strongly 
encouraged, and scholarly pedagogical experimen- 
tation should be an etpcctaiionof the faculty. 

— establish more fle.xible i iirricula for all students. All 
students need to have more opportunity to How into 
our disciplines apan Irom the traditional, highly 
sequenced, ^ock-step curriculum. Prerequ;siteK 
should not necessarily impede a student s progress: 
for example, we suggest student tuionng teams be 
formed in classes with prerequisittes in wh/ch 
students will help fellow leam members with 
prerequisite mj - .1 they know best, ano vice versa. 
Further, we encourage special attention to 
inscruciional innovations tor non-trad itional students; 
for example, computer graphics and display 
technologies developed for the heanng impaired not 
only assists this group of underrepresented students 
but may also lead to new leaming environments of 
broad apphcability to all students. 
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— • •'fiMil^t tnsnti'uniyai ii'ttit<J\ iff m hici cnit'ni nt 
nuitn ipaiif'ii nt KilJt'i ivpn'^cntcii \:ioitp5 in u u'fUf 
•>}uOiemoiu \ uiid ctnnnn't u.\ pan <>f ihr 
r^atitoiiini tnr funJina fi>' X^F le^ranh and 



( arret Rc-emn 

FjcuIiv. -.tutlenK. jnd proiC'Stonah \*ho leave 
'.•nemcc/inc. mjlhcnuiics. jnd the sciences musi t>c able 10 
\' enier jnd cnncti me prou" mr^ \Aiih ihe di\crMU ol 
ilicirevoerttnce". 

N-^e recommend — 

f > ' Uvihf cdin antin tuitl S Sr 

— I icoitf /«•//.»« \mp and \iiaiM pinviums targeted at 
t-i}t nitvaMiflM }ann't\ and \mdfnis m> tetrnter 

— I ti-atc nuixf llf\ih!r dt'^reem antiim ptfuirams that 
,n « DPimndate stpdenis m /j/j non troditmnul interfsts 

— d(\e!np t»t}ttsfs cuhi\i\ el\ fm iwn.ntauirs that tmiir 
P'U tii ipatmn in iticmc. n^athemains on' 
iiiMinfcniiv Such courses can also '.erve ihe dual 
purpose 01 increoNine •.cicniihc and icchnolocical 
IiieracN among non major'' m general. 

— provide CfHoiiiQiiemenl and prtf^rnnts t<i prfpoie 
tct hnuoi prn/e^sinnah m hnth tn aJcmia and industry 
\\ hii H I til lent h. eten tcmpni ai il\ . tit the K- 1 2 

— I'tuiHftave f^inie iiufttstiial i/ile minids to leaih part- 
time tu t*i take sahhant ah tm mUeae and tun\er5it\ 
i amntiu'^ 
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P \ \ K (. \ I 

DEVELOPING YOLNG FACILTV 
DURING THE CRITICAL YIARS TO TENURE 

PANEL MEMBERS: Deince D. Denton tPanel Cfiairi. Jim Golden Lna-Noelle Hicllmtnt:. Kathleen C. 
Howetl. R.J. Dwayne Miller. Mark A. Prelas, Deborah L. Thursion 



In the veur 2010. higher education wiil encourage and \alue a broad diversitv of faculty 
scholarship, especially in instructional excellence and public service. 



\ VISION OFTUK^K^R'JOIO 
^NDBDOND 

Wc cnviMon an jcadcmc v. here joung facuhy 
develop I htfir early academic lalcnis m 'n environmeni 
^upponi\c(]i indi\idual uculiy inicrcMs and abiliiiev The 
ph>MCjl and lineal intra>truciurc supporiinc hiehcr 
cducaiicn presides adequate suppon lor boih quaiiiy 
research and insiruciion. Siudents \icw iheir taculi> as 
havinc joos ihat arc lun and rewarding Senior raculiy 
\\ev, )unior raculty developmeni as a primar> 
responMhiliiy Tenure, promoiion. and related revsjrd 
Lriicria arc opplied uiih more regard lo individual s 
coniribui: ins lo an insiituiion s Overall academic mission 
All aspects or scholarship m teaching, research, and 
service arc iruly recognized. The status of teaching in the 
university is elesated. and young persons entering the 
professoriate do so because they want to teach and inspire 
all students to higher achievements. 

KFUOlRStSOKU.TION 
\M) RECOMMEND \TI( AS 

Our Msion IS predicated on rundamcntal changes in 
five areas the tenure and reward system, the status ot 
teaching in the uniserMty. the availability or instructional 
jnd research runding. the proressional development or the 
ucuiiy. and the Uuality ot faculty life. 



The Tenure and Reward S\Nicni 

The tenure, promotion, and reward sybtem is our 
greatest barrier to a better ruture Tenure guidelines 
untfonmi.. denote that teaching, research, and scr^■lcc arc 
the cntcna lor tenure. It is our cxpcncncc. however, that 
the road to tenure litnarked research, research, research- U 
IN common tor )oung faculty who excel in teaching to be 
chided by their senior colleague^ lor wasting too much 
time" on such an endeavor: "It won i get you tenure. " This 
must thcjniie' The tenure sysrem at present confines the 
faculty to J narrow spectrum ol aLiiMt> Although 
individual research programs may differ dramatically, tt in 
unhVely that an ouiside observer would view our faculties 
05 diverse. This lack or diversity is exhibited in sex. race, 
and breadth of intellectual pursuits. 

We recommend — 

To liivhfr fJi. on 

— adhfif !i hf (ru( Spuit of ttnurf and ptu\mnl\on 
<ntfna Excellence and quality nr periormai^ce m 
leachine. research, and Nervtce must be truly 
cncourjBcd. \alucd. and rewarded. Further, wc 
encourage inclusion ol members or anderreprescnted 
groups on lennre and promotion committees for 
candidates trom these groups. 

— t'Mat>lisl\ fai 1 arffi de\ finprnfftt niaMi ami hosed 
nfi mutua(t\ dcUixed instiiiittnnui una \tidi\ tduat 
Juiui V ^oais. Such programs should incorporate 
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lomial cvaluaiion procedures, periodic laculcy rcvjcw 
•Ji Icasi annually I. and require muiual instiiuiional 
.md indi\!dujl accouniabiliiy 

- •t ifunr internal and i-xtcrnai pect 'in icw ,tf a 
iunJidatf \ nisirutlintnti an ontplishnicnts In 
jddition 10 Mudent evaJuanons. v.c suggebi claisrooni 
xisirs b\ rcllow I'aculiy. alumni cvaluaiion\. and 
inicrnaj and external peer-review ot instructional 
malerials and other disseminable educational 
products, jnd refereed pcdacogical publications. 

~ raunc P» tui tpui fin fiiiMuioi % in odiu'te /<» ihr mie 
■I'll II nt I lie fniptii itini c i:f EJm uinm and tinman 
RcMiiinc^ ti'qiiiied till ail SSF \iiaiU applii annus 
no huptniani Some V.< (i)7 ,nid GRESE SSF 90- 
/ .'<» ntipnn c iht' ifualin . uiMiiifiinnai disti ihuiitm. 
'» vtfciiiM'new of ihr \atinn \ u leniifu and 
eixiiineviiiwi tcseanh. edtuaiirin. and wnrkfone ' 
Principal investigators mubt i.-uly seek innovative and 
c?tecii'.c i\j>s to dibiieminate the result\ ol their 
research to Jll students. L'iidft\'iadiiaie participatim 
J\ lexfuith aSMiiann nii \%F MtaiUs is not finuiMh 
.Attention must also he directed to the large and 
imporijnt majOrtt\ ol students enrolled the 
underuradujie curriculum. \Vc encourage all S'SF 
^tj!t and rcMCwers to consider the educational merris 
• reseurch in preliminar> proposals, ijrant 
.ippiicjiions. Mic visits, and progress and tlnal repons. 

— jisitte ('UfM-ivrm. fiHiili\.nni',\ii'J Mtppmi f,n 
nisiitfiiinnai fspenmentainin and idmjtionai 
<nni>\aiinn% We believe it is imperative that the .NSF 
jdhero to the true ipint ot iis Statutory Authority* . "to 
initiate and support baiic scieniiitc research and 
pinvtann lo wen\>ifnrn uiennfu icseanh pniennal 
j/id .utcme i'diuatum prn\>ran\\ at ail iviels tn the 
inaihemdlical. physical, medical, biological, social, 
and other sciences, and to initiate and suppon research 
tundamcntal to the engineering process and prtt^tams 
h. iiieni>ihrii cniiineeiniM inranh potrntiai and 
l ii^incfnuK ediuatiitn pin\iram\ ai ail Icxefs in the 
various iields ol engmeeriny. by making contracts or 
other arrancemenis (including grants, loans, and other 
torms 01 assistance I to support «"Uch scientinc. 
engineering and eduiammai activities. " iNSF Act ol 
1 950: 42 U S.C. 5 18611 Emphasis added. 



Kor comrtete eicerptn ot Statutory Auihoriiv see p lb 



The siiiiusiirTfiU-liiiiff 
in ihe I ni\er>in 

According to MIT President Charles M. Vest: '...there 
IS one ovemding constant that is absolutely cniical to the 
future, and that ts the creation and dissemination of 
knowledge to new generations ot young men and women, " 
Creation and dissemination ot knowledge ■ research and 
leaching. These two complementar> and central endeavors 
of academe must be given equal weight. Sadly, it is our 
belief that the preterential status ot research over teaching 
in the university has degraded the quality oi instruction for 
generations oi \oung people. We bei.eve ihai the status 01 
leachinc in the umverMiv must tx elev atcd lo equal thai oi 
resejrcn 

We recommend — 

Tnltniher rdm Jtiiiii 

— ie\iaid waihtnM us lutt/i ,( fniiiley:e and J 
icspoi\s\tniii\ oj thejaiiiit\ FaculiN who can not 
teach, should not teach. It is the responsibility oT 
universitv administrations to assure that academic 
programs are stalled b\ well-quaiified faculty and to 
provide guidance and assistanee lo ifiose in need of 
improving their pedagogical skills. We encourage the 
creation ot" incentives that prOMde rewards and 
resource*- lor use either m instructional or research 
tnno\ ation tor those v^hoev^.cl in teaching. 

Tiuhe \aiintiat Si leiu e Fnuiiaalir.ii 

— mc rease fife NSF hud iff far midci QiaJiiate education 
uih\ia>uiall\ In our opinion, the most important 
contribution NSF can make to elevate the status of 
teaching on the university campus is to provide broad- 
based, faculty one nied programs lor high quaitt) 
instructional espcrimeniation jnd creative 
educational scholarithip. 

— modif\ the Pi fsidenitaf Ynini\> fmesnnaior award tn 
iyctfnie thf Prviideniiai y'innt\: Sdinia/ award m 
u'KK'r.fie \oiin\: tO(\ili\ uiuie\n.i in hittii leachin^t 
and ic^eanh In its present lorni. the PYl program, 
untonunately. remtorcesthe lesser siaiusot teaching. 
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\\uiiubilit) of Insiruciionul 
und Research Funding 

Research and leaching are mutually supponue 
aciiviues. They are also, jointly, the primary 
/esponsibilities of young faculty. However, the 
inadequacy ot funds for research and instructional 
\cholar&hip. especially the latter, has resulted in an 
inordinate etfon to secure adequate funding. This has 
particularly degi^<Jed the quality of leaching. The decline 
in support for higher education has added an additional 
cnienon tor tenure: g nanism on ship and fund raising. This 
)tate ot affairs neither suppons nor encourages quality 
jnderenduate education 

'Ac recommend — 

.'oht^hfrrtimaitnn and the SSF 

— fuahhsh dcprndahle. Inn^ term. bud^ftfd iuppnif 
:t}r }aiult\ \nti\<2ied rfSfar<h and instnunonal 
tnnovannn Higher education must assume a greater 
responsibility for support of its research and 
instructional programs beyond normal teaching 
jctivilie^ and facilities maintenance. Similarly. NSF 
must fulfill IIS statutory obligation to support research 
and education in science and engineenng consistent 
withth€ircocqual importance. 

— prnxfdf adequate sian-up resnun es to fat ult\ 

tntttate (heir research and teathin^ programs 
Voune lacuhy must be encouraged to attract both 
undergraduate and graduate students into research as 
well ai infuse new perspectives into both the 
undergnduate and graduate curricula. 

Tah\^her educattan 

— \afue and reward peer re\\e^ed ftindin^ for 
eduiarinnal innaxatton equativ wtth funding for 
dtiapUnars- research 



Professional Dnclopmrnt 
nflheFacult) 

Young faculty today are poorly prepared and lack 
adeQuate support to assume the full responsibilities of 
academic life. In large mcuure. young faculty arc left to 
iheir Own devices and therefore doomed to repeat the 
mistakes of :heir predecessors due to inadequate 



instfucrronal preparation, lack ol senior faculty gui. nee, 
and insutficient Mnancial support. 
We recommend — 

Tn h^her eduiattan and the NSF 

— support ttistruittonal mternshtps tn hetier prepare 
jiraduare students for fatultv lareers in higher 
educalinn. and espectaih- to enhance their fuTure 
leachtnv effectiveness and tnstructto/ial scholarship. 

To higher fdui anon 

— tfstahhsh format icninr-nininr taiult\ menlonn^ 
programs ours that hevtn h tih the ninn^ prm ess and 
are guided h\ the mutual pairing nf the interests and 
iih\hties nf individual faculix to the hroad mission of 
the instuuticn 

— provide spei lal attention to the mentoring of 
tinderrepresented groups. Their lack of panic ipation 
m our fields and their growing prominence m the 
future \xorkforce of our <iociety mandates special 
auention to insure that they Hounsh m an academic 
environment. 



Qualit>ofFacult>Lifc 

The quality of faculty life profoundly affects the 
productivity and career longevity of >oung faculty. Cenuai 
to the quality of faculty hfe is an academic environment 
that provides an adequate capital and human resource 
infr^iructurc to suppon high quality faculty instructiona] 
and research iniitatives. 

We rccommtnd ~ 

To higher education 

— recruit and retain focuin more a^ifressixeh from all 
societal groups This is probably the single most 
important action to promote greater diversity m 
professorial contributions to the broad academic 
mission and to enhance wider student and public 
interest in science and engineenng. 

— nap and start tenure viacks more flexihh' through 
leaves of absence that reca^nize the reality of 
^antemporars Jacult\ life, including parental and 
personal ahli^auons, and special apportuniues for 
teaching, rfsearcti. and pro/eistonol enhancement. 
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— imreaur vthstaiuiaih (upnai e\penimwfs m aaure 
iJij tutcqtiaie cdtu atinnut and laeanh mirasinuiure 
uttd owi all qitalitv leant tn;i envunn/nnu 

— esiahliili tucultv i nmmiifees to evaluate and monitor 
the qimlifv uffanHtv life. Such commmccs couid 
rocus on isiucb rclaicd lo tlcxiblc icnurc clocks and 
tormal leave policies for such issues as parental leave, 
"bridumc research tcllowships. and personal, 
protessional. and teaching leaves of absence. 



*^irrrial Urrummt* ndatioii 

In addition, ihe panel otters a suggestion aimed at one 
ccniral and important concern about the health and vitality 
oi our profession - aitracime outstanding students to the 
protebsoriate to insure a qualit> educational and research 
intraslructurc ot the future. 

Tfi ennKira^e \<mn^ pa wns to enter aiadfmta, the 
paitehet omniends to Itt^her eJmalion 

— in\pi(i\e uthstantiallv the (fiialitv of uistrmnon and 
quatit\ nf life of uuderpaduate students, and. h\ mir 
effotfi and example, encntirane them to pursue 
\iradinne \tudies and fatutt\ tareevs. This is probably 
the most ctfecti\e action we i:ouId take to the 
betterment and health ot our proiession. 
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NSF's Statutory Authority to 
Initiate and Support Programs m 
Engineering, Mathematics, and Science Education 



NATIONAL SCIENCE FOUNDATION ACT OF 1950. 
AS AMENDED (P.L. 81-507: 64 Slat. 1 49) 

An Aci 

Ti) promote the progress ot science: to advan ne national health, prosperity, and wehare: 
to secure the national defe . and for other purposes. 

Be If i'liai ml h\ tiif St'naif and House of Repiescniaif\ fS the United States oj America rn Con^iress assembled. Thai this 
.Ac! ma> be cited as the "Naiionai Science Foundation Aaof 1950." 

Functions of the Foundation (42 U.S.C. ^1861) 

SEC. .» <ai 1 1 1 The Foundation is authorued and directed lo miiiate and suppon basic scientiTic research and programs lo 
strcnetheri scicntiiic research potential and science education programs at all levels in the mathemaucal. physical, medical, 
biological, social, jnd other science^. :ind to initiate and support research fundamental to the engineering process and 
programs to strengthen engineering re%carch potential and enginecnne education programs at all levels in the vanous fields 
ot encineennc. by making contracts or other arrangements i including grants, loans, and oiher forms of assistance mo suppon 
such scienti!ic.encineenRg and educational activities. 

NSF STATUTORY AUTHORITY AS AMENDED (P.L. 99-1 59. 99 Sfai. «93j 
PohcyCO U.S.C. 53911) 

SEC. KM. ij» The Congress declares that ihe science and engineering education responsibilities of the National Science 
Foundation arc — 

< h lo improve the quality of instruction m the fieldsol mathematics, sciences. andencinccnng; 

<2i to support research, fellowships, tcacher-faculiy-business exchange programs in mathematics, science, and 
encineennc; 

•3i to improve the quality and availability ol instrumentation for mathematics, science, and engineering instruction: 

1 4 1 10 encourage partnerships in education between local and Stare education agencies, business and industry, colleges 
jnd universities, jnd cu I lura) and professional institutions and societies; and 

'5) 10 improve Ihe quality 0! education at all levels in Ihe fields ol mathettiatics. science, and engtnecring. 
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NATIONAL SCIENCE FOUNDATION 
Directorate for Education and Human Resources 
Division of Undergraduate Science. Engineering, and Mathematics Education 



PRESIDENTIAL YOUNG INVESTIGATOR COLLOQUIUM 
ON 

U.S. ENGINEERING, MATHEMATICS, AND SCIENCE EDUCATION 
FOR THE YEAR 2010 AND BEYOND 

Washmgion. D.C. 
November -Mj. |990 



Colloquium Addrea b\ 

Or, Charles M, Vest 
President 
Massachusetts Institute of Technology 



Giwd c\cmne. I am delighted to olfcr mv erceiings 
!hK e\enific lo such a remarkably talented group. In 'lO 
lomv:. ! am reminded of John F. Kennedy s lanious 
•.•reeling to an assemblage ot Nobel pri/c vMnner\ ji the 
While House. He looked out over the illusinous guests and 
commented that the room had nc\er coniained such a sast 
jrray ol talent and accomplishment in so many fields - 
v^ith the exception ol those evenings «.hen Thomas 
Jefferson used to dine alone. 

I have sonielhing ot the same leeling as 1 see all ol >ou 
here, know-mu that you represent the best thai this nation 
has to otier You base every reason to be very proud of 
>our accomplishments ond to look to your professional 
tutures w,iih contidencc and excitement. It is abti • that 
luiure that I want to speak this evening. 



The AcademirLifi' 

I am pleased and comtoned by the tact that you have 
chosen to pursue academic careers. Our nation and world 
.ry out for leadership, jnd faculty members can. by 
Icfimtion. provide a very cniical component ot leadership. 

I have observed and studied the naiure ot academic 
life lor many years. My own taiher vwav a protessor ot 



mathematics and m> great uncle - j sort of surrogate 
jirandtathcr lo me • wa.v .in encineerinc protes.«Oi jnd 
president ol a small college. I. too. chosc ihe academic life 
jnd I have a hard time envisioning any other calling tor 
myselt. 

I must say. thougii. that durinc the laM half of this 
century the life ol' professors has changed dramaucally. 
The complexity of this life, the expectations ot us. the pace 
and politics of the academy, and our connections beyond 
Its boundanes have all changed greuily. On the home front, 
many of you are in dual career families, juggling 
competing responsibilities oi family and work, and I know 
that this creates burdens thai few ot us in my academic 
generation had to bear Thi\ fact is hut one reflection of the 
changing tace of America, which is represented m our 
unisersities m the increasingly diverse gender, racial, and 
ethnic makeup of our family and students. 

The increasing richness and complexity of umversitv 
life IS a far cry irom th« iradirional view oi the academy. 
Sometimes wc are called upon by both critics and 
colleagues to return to the golden age of universities, but I 
don't believe that the golden age ever really existed. And I 
don I believe Ae should really take thai option if it were 
presented lo us. Life in the academy today in filled with 
renewal, increased and varied opportunity, access lo 
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sOphisiioaied Ijboratones and computers, greater 
producMvuy. bciicr moneiary rewards, a more diverge sei 
of colleagues, and more opponumties for travel. 

Inshon. 1 believe iha( (he academic iife is sdll the bes( 
life mere is. In spue of at( (he changes, there is one 
overriding constant ihai ts absolutely critical to the future, 
and that is the creation and disicminadon ol knowledge to 
new generadons of young men and women. You will look 
back a few years hence and observe (hat your relations 
wnh students, your inlluence upon them, ajid your pnde in 
Jhcir accomplishments will have been the most rewarding 
aspect or your professional lives. 

I will have more to say about teaching and the balance 
bci%«.een teaching and research later, but let me begin with 
one simple statement. Professors should pn>tess. Ii is hard 
lo think o! anything more illogical than to become a 
university professor tf one does not want to teach. So if 
vou do not want to teach, you should immediately look for 
another job. If you don't get a thrill out of seems a 
student's eyes light up with understanding, jnd if tlie 
thought of always having junior partners around — young 
men and women to inspire you as well as to draw 
sustenance from )0u — doesn t hold strong appeal lor 
you. then perhaps >ou should reconsider your commitment 
to academia. 

Mow let me continue under the assumption that not 
\oo many ot you are left w-ith an uneasy feehng by this 
statement. 



Opportunity and Scnitr 

Although It may be increasingly difncutt to discern. 1 
believe that being a univeniiy professor is a calling. It ts a 
calling !o service to our society. One of its pleasures comes 
in recognizing that whal we do is tembly important — that 
the future depends in large measure on how well we do it. I 
hope that you share this belief, because it can sustain you 
through some of the dtfftcull and loneJy times of your 
Jives. 



Denning Ihffuturr 

What you do as engincenng and science educators has 
far-reaching consequences. What you do will affect the 
quality of the lives of your students. And from your 
laboratores and studies will come the ideas that will shape 
the intellectual fabnc of the future and can gretily affect 
the strength arul vitality of our economy. 

Wherever your individual careers laJce you. I hope that 
you will be bold and that you will tackle the problems that 



jppear to be ot fundamental importance to \ou. The 
quality of' >our accomplishments will in large measure 
denve from the depth of your belief in their imponjnce. 
Similarly, your ability to play a catalytic role in the 
research and studies ot your students will depend on the 
depth of your scholarly commitment and belief in its 
imponance. 

The Research lni\cniit} 

I would like 10 spend a few moments lalkine about the 
seitmg in 'j^rhich many ol you will spend \our careers — 
the research university — -ind ihe uuesiion ot the balance 
ot teaching and research. 

Many oi you jre Uculty members M research 
universities. Those of you who are not are probably 
products of research universities. I cannot speak about 
science and eneineenng education without offenng a few 
comments about the U.S. research university. This is a 
uniquely American invention. And tn my view this 
invention is the secret of the success of our higher 
education system. Indeed. I believe that our university 
system is the envy of the rest ot the world. Here are the 
pnmary reasons: 

1. For many decades Americans believed that higher 
education was singularly important for the 
betterment of their children's lives and they were 
willing to invest public, pnvate and personal funds 
tocreate. sustain and enhaiKe our public and private 
systems of universities. 

2. The wonderful and unique blending of graduate 
education, undergraduate education and research 
that occurs in our leading research universities 
creates an unparalleled opponunity for learning and 
expanding one's honzons. 

3. Our system, unlike that in most other pans of the 
world, provides great opportunity for young faculty 
members lo quickly involve themselves in all levels 
of educational and research activities as full 
partners in the academic enterpnsc. 

4 We have a decentralized system of autonomous 
public and private universities that allows for 
expenmentaiion. vanaiion and change. 

5. Rnally. although it is the banc of my existence as an 
academic administrator. 1 believe that competition - 
the competition of universities for faculty, and the 
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^ompcimon ot faculi> members lor research 
^uppon on ihe basis ot peer review — k ihe >easi 
thai keeps our sysiem sironc. 

Our s>siem oi hicher ciiuCaiion. and uur research 
uniscrsiiies in pjnicular arc under a loi oi cniicism these 
Jaw br.me oi our criiics arc sensaiicnal and sindenl. 
Oihcrs are moucniiul. Wc should lisicn lo ihem and ihink 
about whai ihey have lo say. We musi be wiMing lo bciler 
explain 10 ihem and lo ihe pubhc uhai we do and v^hy ii is 
■niponani. We inusi also be wtllinp lo make chances where 
• 'uremics .ire corrtfCi. 



liuhiliciim Oiir's ( ariMT 

There is much discussion loday hoih wiihin and 
■ •uiside of itie academs aboui ihc balance between 
leachinL' and tescarch Some may regard my view on ihis 
m;nicr to ho liftpclessi\ old fashioned or unrealisiic. 
Nonetheless, I vmII snare it with you. As I do so. >ou might 
remember m> earlier statement that if ]you don't want to 
\c,Kh. sou shouldn t be protcssors, 

However, having said this, I believe that research is 
lundamentai lo our activities. Following World War II ihis 
iiaiion made a basic decision thai ks university system 
\\ould become it\ research infrastructure. This remains 
'.me itHiay. and I believe that ii is in our best interest ihat n 
•cinam irue I tunner believe that the pnmary reason that 
SL- Nliould do research in universities is that ii is a lorm oi 
•eacnniL' It ccnainlv k a lorm of learning tor each ol us. 
hut It also should be an integral pan ol how we teach 
graduate ''tudenis. and undergraduates as well. 

I belie\c that over the long run. it requires the 
discipline, joy and continual renewal of ortginal research, 
scholarship or other creative intellectual aciivtly lo keep 
lt\tfK and successful teachers One may sian oui as an 
trifccine andc^enhnlhant teacher, hut v^ithoutlhe kind of 
vonimuous renewal that research and scholarship provide, 
one vsill not crow in wisdom and breadth, and over time 
ma> losc r:iiher than gain in et'fecttveness as a teacher, 

Sow bow do we balance teaching and research ' Must 
lire be cquail\ adept at both' Should >ou put the 
Jevelopment oi your iraching \kills on hold until you 
rcceuc tenure ' Does teaching count 

Mv noncNi answers ore: I don'i know Probablv not. 
No. Vcs. 

(Questions ahoui the balance between teaching 
I whether m the classroom or the laboratory i and research 
must be answered both msiituiionally andpcrsonallv. tach 
nsiiiution must decide lor itself what the overall balance 
uf kdviiies stiould be. and then whether this balance 



should be mei wiihin each laeulty member, or whether it is 
met by an appropnate niu oi talents and aciivmes across 
Its enure laeuliy. Similarly, each individual must decide 
what Ins or her balance should be and whether this should 
be accomplished by a constant balance throughout each 
sear of one s career, or simply as integral in one's 
activities o\er an entire career 

I won t answer this for you. but I vsili Mate my Own 
personal preference to maintain a strong commitment lo 
both leaching ant! research at each siage throughout one's 
career, I would also warn thai if one prefers to emphasi?,e 
research more in ihe early years of his or her career, it must 
not come al the expense ot leaehiiic poorly Thai is an 
abrogalionoi responsibility. The quality ot one's thinking 
jnd work are affected by habiis and approaches dcveJopcd 
very early on. It ts a lemblc mistake to think in terms of 
postponine the development of teaching skills until later, 
for example after tenure is earned. Given my view of what 
professors should do and the interrebiion between 
leachinc and research, thai is a Inilc like saying "r'll go 
out and write a wonderful computer program, aitd after ii is 
completed Til Icam the programming language." Don't do 
It. Raiher. devote yourself to excellence in all that you 
undertake. 

Docs teaching count for tenure ? That is probably the 
question most frequenils asked b> assistant professors. 
The most hkely answer to that question in each of your 
univcrMties is that, yes, it definitely counts — probably 
more than you and many ot your departmental colleagues 
think ~ and probably less lhan it ideally should. 
Furthermore, I would guess that its role in the evalualton 
ol candidates for promotion and tenure will increase 
dunng the >earb ahead, We need to do a much better job in 
assessing contnbuf ions to teaching • thai is. to the effective 
learning of students in our own insiilutions and. beyond 
that, to siudenis in this country's educational system in 
general. 

The Challenges 

This brines me to my next point — ihe problems in 
public education and m social dtvisiveness that sel the 
context (or higher education in the United Slates today. 

Our educational sssleni is in deep trouble. We all 
know ihai within the iniemational context our students on 
the whole arc consistently at or near the bottom of the heap 
in objective tests of mathematics and scie iCe at the high 
school level. But this is only one manifeslation of the 
underlymg problems. Let me give you a specific example: 
It IS one that would be roughly duplicated in mosi of our 
large cities. 



29 



16. 



55-565 0-92-6 



158 



In WS7 inihc Dciroii Public School Svstcm. :3.0(X) 
siudcnis slancd inlo the ninlh grade. Four years taler h ?(/) 
oi thorn cradualed rrotn high school. Of Ihesc. 1.^00 took 
ihe ACT examinaiion. And jusi over 500 of ihem scored 
l«J cr higher. Hcnee. rrotn an input of almost 2?.000 
students in the ninth grade, only about 500 emerged with 
any hope or ad(.anccii education or any son, 

A leading Japanese bubinessman recently w,as asked 
\\hat wore the most positive and ihe most negative laotors 
jrfectinc the abilitv of the U.S. to compete in the world 
marketplace. He answered that our greatest strength is our 
unisorsiiies. and lhat our crcalest weakness is our primary 
•ind ^-ocondan.- vfhool systems. I .-icree. But how can it be 
mat our hichcr education is rhe enw or the rest oi the 
world, jnd our K- 1 2 vsMem is considered lo be interior " I 
have alreads spoken or the strencihs ot this ccuntrs s 
uniscrsitv ssMem. I ^ ill lease it up to you as citizens to 
Jeiormtncw hs our K- 12 .ssstem is failm?. Tlie point I w ish 
to make is thai this situation is noi stable. The continued 
doccnerjtion of our K- 1 2 s> stein, if unchecked, will 
o\cniualh dcstros our higher education ssstem as well, or 
at least render il increasingly irrelevant and ineffective. 

This has to be our common concern. In our 
protc^^^ional liscs and m our li\cs as citi/ens. we must 
recocni/e that there is a single spectrum of education 
vuning ai kindercanen tit not earlier siilM and exienJinp 
throuch postdoctoral education I ntil Ihis nation wakes up 
lo the lici lhat it musi increase its investment in human 
capital — 111 people and ideas — nur education system will 
spiral downward, pulling our economv and way or hfe 
ssith It This IS a d,inEer ol rhe lirsi magn:tude and wc must 
all work tor its solution. 

An even more rundamental danger, in my view, is the 
mcrcasing bifurcation of our society into rich and poor, 
and ihc increasingly contentious splits along racial and 
cihnio lines. The first steps toward resolving these issues 
are to rcalls understand how the face of this naiion is 
chancing and to ask how we can best respond to this inour 
personal and professional lives 

Let me review a lew statistics that I assume you are 
already tamttiar with 

— Today s school population is white. UfTr 
Mrican Arncrican and Hispanic-American. Bs 
the year 2020. when you will be ensconced in various 
leadership positions, this proiile will have changed 
greatly The school population will be SZ'^c white. 
ZO"r .Xlrican- American, and 24To Hispanic- 
^mencan. 



— Sims -lise percent ot the entrants to the L S. labor 
lorce betore rhe sear 2000 (just ten years honeei will 
be woiTieii: onis 1 5^c will be wltiic nules. 

— In N50 there were I 7 active \sorkers in the U.S. for 
each retired person. By the year 2020 there will be jus* 
3 active workers losuppon each retiree. 

These arc Muilc drarriatic changes and our educational 
ind enterprise systems must recognize them. We are 
beginning to do so. but much ol the burden ssill fall upon 
sour generation. 

Now 1 would like to consider spceifically ihc so- 
\.'ai|cd pipeline ot sludenis into science and cncineerinc- 
Vou have probably seen thc.se stalistics mans times, and 
have undoubiedls addressed them ai ihis ineelinc 
However, a little fidundancs won t hun when ihc message 
IS Ihis imponant. And the message is that it is absolutely 
essential to our economy and our socicts lhat we produce 
engineers and scientists. 

— The NSF predicts a shortfall ot around 700.000 
scientists .ind engineers by 2010 In 1*^77 there were 
4.000.O0O high school sophomores in ihe U.S.. 
730.000of these students expressed interest in science 
and engineering careers. In 1*^80. when this cohon 
entered college. 340.000 reiaineU tins interest. By 
19R4. :06.(XX) had actually graduated in scicntitic or 
enginctnng disciplines. Only hi <"'Oot these men and 
women eniered graduate oa} in science or 
oncincerinc. Bs W«J2. jUsi 4.700 vmM graduate with 
Ph'D.s. 

I know that we are a sclecti\c bunch, but to have only 
0 2Cc u! these students end up wiih doctoral degrees in 
sciRHce and engineering does not bode well. 



I have taken my personal enthusiastic and altruistic 
Mcw or the academic life, added to it a sense of urgency 
and finallv spread some doom and gloom statistics. What 
IS my message? 

II IS that wc need sou. that what sou do i,s very 
important, and that you had belter do it well and in a 
manner ihai rcMccts the realnics oi the world around us. 
but that you can look forward to enjoyment and lulfillment 
as you take on the challenges. 
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Etiui'atiuninUu' 1990*5 



\Vh> do wc need \ou.' Whac 2re ihe challenCL-s of 
cducalioninihc 1990s/ 

The vvorld ischancinc rapidly and inuay\ [hal are so 
lundanlemal as lo be wiihoui pfccedcm. We ha\c alrejdy 
diMTusM^d [he changing racial, elhnic. and cendcr mixe^ of 
L' S. >iudem\ and of our workforce. Bui ne must also look 
10 csen greater forces of change. The world political and 
L'LOnomic order ol the 1990s will be different than any ue 
hase experienced in our history. We are connected 
cconomicalK. physically and politically in ways that have 
never i^tore hcen the case. At the same time, the nature ol 
'obs and the qualifications and \V.ill\ they require is also 
.hancini! 'jpidl> Manui jcturinc processes are 
.ncrL>asincl> snphisticaied. the acquisition and utilization 
•It new knouk Jae is hecomuic the primary basis ot 
commerce, ana mercinc working modes require mental 
.icilits. Ilexibiliis ot approach and judgment skills, ottcn 
quantmtisely based. Yet. as we have discussed above, our 
populace IN headed in the opposite direction. 

We must Hork together to correct this growing 
diNpjritv tK'iween the education ot our DOpulacc and the 
realities ot the changing nature ot work that will be 
required tn the years ahead. This is a task that will 
incrcasingls fall on us as engineering, science, and 
mathematics facultie.s. Wc must work to assure that our 
stewardship ot the undergraduate education ot our 
populace IS a wise an«i effective one. But lunher. I belies e 
ihat \se are going to have to play some role in the retorm ot 
pnmarv and secondary education — by speaking out. by 
vvorkinc on the local level, by developing irspirational 
new turricula. by developing new educational 
technologies, by lostermc interaction with industrs and 
with retired scientists and engineers, by exposing school 
students to our laboratories, by demystifying what we do. 
.md bs opening discussions with students and facults in 
other pansot our own campuses 

We at MIT are very concerned about the problems of 
scientilk illiteracy and lack of numeracy. We have over 50 
ad hoc programs to work with primary and secondai7 
schools, and our alumni and alumnae associations are 
bcginnmc to work on the problems in various localities 
around the country. Yet we are still searching tor a way ol 
making sume really lundamental and lar reaching 
,:ontribi tion lo ihe betterment ol scientitlc knowledge and 
underMandinc among young people I can as.-jre sou that 
vse 'Aill look with great interest at the result.* ot sour 
•.sorkshop. 



Paul Krucman. a noted MIT economist has just 
published a sery interesting book describing the nature ot 
\he current L'.S. economy and what possible future 
directions it may take. He titled his book Tlie A^e ol 
Omit III shift a E.\pei laiions. His exposition is 
straiclitrorward and non-ideological. but throughout it he 
asks iiic hauniiop question "Why are we io satisfied with 
Ihe s^ay things arc*" 

If we arc satisfied with "the was things are", then we 
wtll be ihc victims ot a number oi unpleasant sell-fulfllling 
prophesies. I have taith that sou ill not be thus satisfied, 
and that sso can count on you apply sour talents and 
abilities uisely m the service ^)t sour tellow men and 
\somcn. 

I wish sou well on sour journey 
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CHARGE TO THE COLLOQlini 



The charce lo the coHoquium is lo prepare 3 repon focusing on six major, imcrre.'aied issues 01 special significance 10 
L".S. higher educaiion lo assure high quality prccoile^e and under^mduare insiruchon in encineenng. maihemahcs. and the 
sciences tor ali studenis. The issues are: 

1 1 aitoining and mainiaining »:irnttnc and technological liieracy lor escr\-one. 

Z) encouraging curnculum renev^al and ihe development ot new learning environmenis. including laboratories and 
iield expcnences. 

' r incorporating new and evoK inc technologies into the curriculum, cspetialk intormaiion and computer 
technologies. 

■J I cr.ouracing and prcpanng students tor careers as precollege and college taculty. 

■^1 assuring career participation by all societal groups, especially vu omen, minorities, and persons Wiith disabilities, and 
M developing >oun2 collece taculi\ during the critical years to tenure. 

For each issue, w-e would like \uu to h develop a visioj oi what the rolf o? L S. higher education should be in the year 
2010 and hf\ond to meet the challenges and opponunities of each issue. 2> identity the key courses of aclion needed to 
jchieve tnat vision, and 3i make specific recommendations to higher education, in general, and facultv. in panicular. the 
Natinnal Science Foundation, and othc^ as identified by the colloquium 

Uncourage you to approach >Oui Jiscussions from a broad and sisionars perspeciise. arc interested invnur thoughts 
jtx>ut the lundamental. long-term, and s>slemic factors affecting the qualits 01 precotlece and undergraduate instruction in 
L'ncincenni!. mathematics, and the sciences well into the n?\t century You should consider all human resources, including 
persons pursuing careers in the disciplines, the scientific and technological literacy of" all cilixens. and especially 
undcrrcpresented groups who will make upmost ot our society 01 the future. 




Luther S. \^ illiams 
.Assistant Director 
Directorate tor Education 
and Human Resources 
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AGENDA 

Prcsidentiui Young Investigator Colloquium 
on 

l.S. Engineering. Mathematics, and Science Education 
for the ^ear 2010 and Beyond 

Holiday Inn Crowne Plaza 
■\rlineion. Virginia 
\o\emocr4.6. I9«() 
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"''Op 171 \\f IciiniP iiml Oxcnirit 

Or LttlhrrS As\i\loni Direitnr 

Dirrt iorate jnr EJmauon a nj Human Rfsoun rs. S. tcm e FtuinJottfln 

Or fifhrrt F ulsnn. OiMSinn Dirrt hir 

Oixntnn nf L'nJer'itaduaic .St icm e. Encmffnn^ and '^iatderriams EJut aii-in. 
\driflnal St leiu c FounUunnn 

^ lOp m I nllcH|uiufn \crnila iinil IiikiK 

Or JaikR Ltiiimunn 
\'attflnal St leni e Fnundaunn 
ian(liheCnt\(rsii\ tt/Mnhn'un.Ann Aihnri 

Or Anvrln a M Siui \ 

intxfrsm nt Cdhfin nta. Bcrkflrv 

\i»M)\\.Nn\rMBF,R:). 

^Uiam PdnrlV»inn>: \Ni-inn fnrihp \r.ir jOin 

AREA A EDUCATION 

Panel 1 - Auamma and maimainina scieniiMc and (echnoloflical liienicy for e\ ersonc 
Chair Ih- R<>hfrtPfrr\ Ohm State t ntvfrsir\ 
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Panel II • Encoucacing curriculum renew jnd ihe dciclopmeni oi new lejminc ironmcnn ncluQinc 
Ijboraioncs and field cxpcnenccs. 

Cliutr Or Da\tdL Fii'\nciM.Siant(nd L.4i\eiun 

Panci III - Incorporaiing new and c\olvine lechnologies inio the cumculutn. tfspccialK intormaiton and 
uOmputcr icchnolocici. 

Chair- Di SaU\ ^ood.Sat\ta Clara L'i\i\et\ti\ 

-\REA B HUMAN RESOL'RCES 

Panel IV • P.ncourauinc and preparing smdents lor careers as prccoilfce and college lacuIlN 

CUun Di \/tiJ O MiZfUiin l\'hwinia L una \rl\ 

Pjnci V . Assurinc cjreer pjnicipaiion t>\ jll societal uroups. espccialK women, mmoriiies. and persons 
^nh disabililies. 

Chan Dt SuiuttL Branilev PctinsMi unoj Sfaie Ciu\cm(\ 

Panci V[ ■ Dcvelopmc soung taculiy during the critical vcarsio lenurc. 

Chan D' DcnueO Denton I n>\tiiU\ nl\^\uonun.\ia<iiiim 



■'1 '5 u in \n'a Vo^iuns 

Area AiPanels IMhand Area B iPanciN [\'V[»meei in separate sessions toe xchance ideas and dCN clop a 
^OmOOsjic \ision lor each area. 



IMrnar) Nrssiim 

Both Areas meet loeethcr lo present their composite visions. 
Lunch 

Ln^ Afami.y Mt'Uin Ph\ \u J Fai. thi\ 
LiH Afarr.tn \ijtii}riai Ljhnra{Oi\ 



I'anrlNr^onitis: kv) I iiur^rN uf Vt Jion 

The SIX panels meet separatelv to identiix the kev coursrs ot ac\ion lo achiese the compoviie vision 
Jcveiop«d in the mominc sessions 
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Mr. Thornton. Thank you, Dr. Lohmann, for a fine written doc- 
ument. The recommendations you highlighted will be considered 
along with the several recommendations you made, which are in- 
cluded in your written report. 

Dr. Denton, we'd be pleased to enter your prepared testimony in 
the record, and ask you to summarize it, 

STATEMENT OF DR DENICE D. DENTON, ASSOCIATE PROFESSOR, 
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING, 
UNIVERSITY OF WISCONSIN AT MADISON, MADISON, WISCON- 
SIN 

Dr. Denton. Thank you. 

I would like to begin by thanking the House of Representatives 
for promoting me to the rank of Associate Professor, prior to the 
University of Wisconsin's taking that action. 

Mr. Thornton. It's merely a forecast. 

Dr. Denton. Yes. I am, in fact, an Assistant Professor of Electri- 
cal Engineering at the University of Wisconsin, and I also partici- 
pated in the PYI Colloquium on America's academic future. 

I am from Texas, originally, and I attended MIT, where I re- 
ceived the Bachelors, Masters, and Ph.D. degrees in electrical engi- 
neering. 

In my freshman year at MIT, I took the introductory circuits 
course. The instructor was highly theoretical, and refused to draw 
circuit component symbols on the blackboard. Instead, they were 
represented as boxes. 

This complicated greatly the assimilation of the material and, 
consequently, the class average on the first exam was very low. 

The professor was so disappointed in our performance that he 
mailed out form letters to all of us receiving a grade below a cer- 
tain cutoff, informing us that we are not cut out for a career in 
electrical engineering, and should seriously consider transferring to 
another major. 

This was disheartening and discouraging, and I came very close 
to transferring to Harvard to major in humanities. 

I believe it never occurred to this faculty member that there may 
have been something amiss with his instruction, rather than with 
our intellects. I believe this example illustrates, in a concise way, a 
serious problem in undergraduate engineering education. 

The tenure guidelines across the country uniformly denote excel- 
lence in teaching, research, and service. This sounds great but, un- 
fortunately, at many research universities, it is made clear to 
junior faculty that only one of the three areas is recognized at 
tenure time — research. 

Young faculty have two career interests — teaching and research. 
They have boundless energy and enthusiasm for teaching and edu- 
cation, which the current tenure process extinguishes almost im- 
mediately. 

Senior faculty pull their young colleagues aside and admonish 
them for spending too much time on teaching. This has happened 
to me and to many of my colleagues. 

On this point, the PYI report states, 'The tenure system at 
present confines the faculty to a narrow spectrum of activity. Al- 
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though individual research programs may differ dramatically, it is 
unlikely that an outside observer would view our faculties as di- 
verse. This lack of diversity is exhibited in sex, race, and breadth of 
intellectual pursuits/' 

In essence, the tenure process tends to leave out women and 
people of color. Given the demographic realities of the 21st Centu- 
ry, this state of affairs is intolerable. Until women and minorities 
occupy tenured positions on the faculties of America's universities, 
we will not be able to provide quality undergraduate science and 
engineering education to all of the women and men on campus. 

I have worked to increase the participation of women and mi- 
norities in science and engineering. I'm the faculty advisor for the 
Society of Women Engineers, and I frequently visit K-12 class- 
rooms. 

I am deeply committed to the enhancement of diversity among 
scientists and engineers. I am, however, reluctant to discuss these 
activities with my colleagues, since they question why I pursue 
them. 

Recently, I traveled around the state to encourage high school 
girls to study engineering. One of my colleagues asked me if we 
could get together, and I informed him that I would be off on this 
recruiting trip. His response was, "Wow, we sure have different 
value systems." 

His value systems were in large part molded by the tenure proc- 
ess, and it is not surprising to find that he did not revert to a 
broader and more flexible outlook after his promotion. 

So what can be done to improve this state of affairs? The recom- 
mendations of the PYI group include: first, young faculty must 
have the resources available to pursue innovations in education. 
We've all alluded to this. 

In particular, I would recommend increases in the level of fund- 
ing for the instrumentation in the laboratory improvement pro- 
gram, and the undergraduate curriculum and course development 
in engineering, math, and the sciences program. 

It is essential, however, that the funding of these programs is not 
enhanced at the expense of research. There is a perception among 
faculty at research universities that the NSF budget is zero sum in 
that monies allocated to education are taken away from research. 

This leads to great acrimony and drives major researchers even 
farther away from active participation in the education enterprise. 
The hope is that researchers can be encouraged to become engaged 
in education, and this will not be possible if the advocates for edu- 
cation are viewed as villains and Robin Hoods. 

Quality education and research in academia are both essential to 
U.S. competitiveness, and should both be supported at the greatest 
possible levels. 

Second, performance in teaching, research, and service must be 
truly encouraged and rewarded. When this point is raised in the 
university, a common refrain is, that it is so difficult to evaluate 
excellence in teaching. 

This was, in fact, indicated in the background report for this 
hearing. I would argue that this statement is completely unfound- 
ed, as was alluded to earlier by Dr. Pister. 

17J 
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In addition to student evaluations, we can use classroom visits by 
fellow faculty, alumni evaluations, and internal and external peer 
review of instructionsd materials. 

The Academy puts much time and effort into peer review of a 
faculty member's research. It can and should do the same for 
teaching achievements. 

Finally, there are 3,500 institutions of higher education in the 
country, and only about 100 of these are research universities. It is 
important to ensure quality education at all of these institutions. 

One may argue that the PYI report is focused on the 100 re- 
search universities. However, many of the teachers at the remain- 
ing 3,400 institutions and a large fraction of the K-12 teachers are 
trained at the research universities. 

Success in elevating the status of teaching in research universi- 
ties will have an impact across the educational spectrum in that 
future teachers at ail levels will not only learn science and engi- 
neering, but they will also learn how to teach by example, if teach- 
ing excellence becomes the norm at the 100 research institutions. 

I believe we can achieve this goal of teaching excellence with 
alacrity if the recommendations presented today are put in place. 

I hope I speak for all the panelists in saying we look forward to 
working with the Subcommittee on Science to ensure their imple- 
mentation. 

Thank you for your attention. 

[The prepared statement of Dr. Denton follows:] 
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THE QUALITY OF UNDERGRADUATE SCIENCE EDUCATION: 

ACHIEVING A BALANCE BETWEEN TEACHING AND RESEARCH 

Dcnicc D. Denton 
Assistant Professor 
Depamneni of Electrical and Computer Engineering 
University of Wisconsin-Madison 
Madison, WI 53706 



I received the BS, MS and Ph. D. degrees in Electrical Engineering from MIT. I 
began my studies there in 1977. In my freshman year, I chose to take the introductory 
level circuits course normally taken in the sophomore year. This was a difficult course and 
the difficulty was compounded by the fact that the instructor was highly theoretical and 
refused to draw actual circuit components on the blackboard. All resistors, capacitors and 
inductors were represented as boxes. This complicated greatly the assimilation of the 
material, especially for the more practically minded students. As a result, the class average 
on the first exam was very low. The professor was clearly disappointed in our 
performance. He even went so far as to mail out form letters to all of us receiving a grade 
below a certain cutoff level chosen by him. This letter informed us that based on our 
performance on the first exam, we were obviously not cut out for a career in electrical 
engineering and we should seriously consider transferring to another major. Needless to 
say, receiving this letter was most disheartening and discouraging. One of my peers took 
the professor's advice and transferred to the Sloan School of Management. I came very 
close 10 transferring up the Charles River to Harvard to major in humanities. I believe now 
that it never occurred to this faculty member that perhaps there may have been something 
amiss with his instruction rather than with our intellects. Furthermore, in retrospect and 
speaking as an electrical engineering faculty member, it was incredibly inappropriate to 
suggest to an entire cadre of students that they should seek alternati ve career paths based on 
the performance on a single exam. I believe this example illustrates in a concise way some 
of the problems endemic in undergraduate science and engineering education. 

Since joining the ranks of the engineering faculty, I am beginaing to understand the 
reasons for the deterioration in undergraduate science and engineerin|, education. The 
tenure guidelines in universities across the country uniformly denote excellence in teaching, 
research and service as requisite. On the surface, this sounds good. One would expect that 
faculty members about to be given job security for life should be teachers and researchers 
of very high quality and outstanding citizens. Unfonunately, at many research universities 
it is made clear to junior faculty members very early that only one of the three areas is truly 
evaluated and recognized at tenure time: RESEARCH. Of course, the desire to do state-of- 
the-art research is a primary reason for junior faculty to join such institutions. But, young 
faculty arrive on campus with two major career interr^ts: teaching and research. These 
young people have great contributions to make, .fhey have boundless energy and 
enthusiasm for teaching which the current tenure process successfully extinguishes nearly 
immediately. It is not uncommon for senior faculty to puU their young colleagues aside and 
admonish them for spending too much lime on teaching. This has happened to me and to 
many of my peers. This lack of recognition of teaching in the tenure and reward system 
MUST CHANGE. 

What is wrong with the tenure process? At research universities, the tenure process 
is an effective mechanism for churning out hundreds of nearly identical faculty members. 
It allows minimal breadth in intellectual pursuits and it recognizes only one contribution- 
research narrowly defined. In essence, young people enter this pipeline at one end and six 



169 



years later, the ones who arc left standing look very similar to one another. As the National 
Science Foundation Presidential Young Investigator report America's Academic piinire 
states: "The tenure system at present confines the faculty to a narrow spectrum of activity. 
Although individual research programs may differ dramatically, it is unlikely that an outside 
observer would view our faculties as diverse. This lack of diversity is exhibited in sex, 
race, and breadth of intellectual pursuits." A key point here is that not only does the tenure 
process yield researchers with little enthusiasm left for teaching, it also tends to leave out 
women and people of color because it is an inherently narrow filter. Given the 
demographic realities of the 21st century, this state of affairs is intolerable. 

As a faculty member in Electrical and Computer Engineering at the University of 
Wisconsin- Madison, I have worked extensively to increase the participarion of women and 
underrepresented minorities in science and engineering. In particular, I am the faculty 
advisor for the Society of Women Engineers (SWE) and I frequently visit K-12 classrooms 
around the state to encourage kids to consider technical careers. I am reluctant, however, 
to discuss my precollege and outreach activities with many of my colleagues. They cannot 
understand why I would participate in activities that take time away from my research 
program. Recently, I travelled around the state with some students from SWE to 
encourage high school girls to study engineering. One of my colleagues asked me if we 
could get together and I informed him that I would be off on this recruiting trip. His 
response was: "Wow, we sure have different value systems." His value systems were in 
large part molded by the tenure process. It is important to understand that junior faculty 
spend five to six years working toward a single goal: tenure. If the road to this goal is 
inflexible and narrow, it is not surprising to find that tenured faculty members are often 
inflexible and narrow in their outlooks. Most people cannot spend five years fully engaged 
in one mode of operation and then after tenure, suddenly revert to a broader and more 
flexible outlook. This lack of flexibility and allowance for breadth in the tenure process is 
perhaps the most responsible for the deterioration of undergraduate science and engineering 
education. 

I participated recently in a National Science Foundation colloquium for Presidential 
Young Investigators (PYI). The charge to the group was to consider engineering, math 
and science education in the year 2010 and beyond. The result was the repon America's 
Academic Future . The group consisted of about 60 young and well established researchers 
from a broad variety of disciplines at primarily research universities. There was an 
overwhelming consensus among the participants that major changes must be made in the 
academic infrastructure to insure a quality education for afl students, especially women and 
underrrepresented minorities. One of the key notions is that the academic culture must 
change. The participants believed strongly that die academy must acconunodate the 
demands and desires of young faculty members to engage themselves actively in the 
business of educating the next generation while also enthusiastically pursuing their research 
progranos. At present, the belief is that this is nearly impossible given die constraints of the 
tenure and rewards process. 

RECOMMENDATIONS 

There are a number of recommendations made by the PYI group to enhance the 
quality of science and engineering undergraduate education. Foremost among these are 
two: 

1. Young faculty must have the resources available to pursue innovations in 
education. It is recommended that NSF "...assure long-term, faculty-oriented support for 
instructional experimentation and educational innovations." In particular, I would 
recommend increases in the level of funding for the Instrumentation and Laboratory 
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Improvement Program and the Undergraduate Curriculum and Course Development in 

Engineering, Mathematics and the Sciences Program. These are programs where 

individual faculty members can malce a substantive contribution, and the tenure process ! 

requires that faculty show an ability to independently succeed in securing funding for 

programs and achieving the desired objectives. In addition, an increase in the education 

budget will encourage faculty to propose innovative programs. As the PYI repon states: 

"There is a misconception in our universities that teaching and instructional innovation are 

less valuable, less difficult, less creative, and less scholarly than research. The Federal 

government, through its agencies and their past budget priorities^ shares a principal 

responsibility for this misconception." This situation should not be perpetuated. ^ 

It is essential, however, that the funding of these programs is not enhanced at the 
expense of research programs. There h'. a perception among faculty at research universities 
that the NSF budget is zero sum in that any monies allocated to education are taken away 
from research. This leads to great acrimony among the faculty and drives major 
researchers even farther away from ac:tive participation in the education enterprise. The 
hope is that the senior researchers can be encouraged to become engaged in education and 
this will not be possible if the advocates for funding of education programs are viewed as 
villains and Robin Hoods. Quality education and research efforts in academia are both 
essential to the competitiveness of the country. We must insure that both are supported at 
the greatest possible levels. 

2, The academy must "..adhere to the true spirit of tenure and promotion criteria. 
Excellence and quality of performance in teachings research, and service must be truly 
encouraged, valued and rewarded." When this point is raised in the university, a common 
refrain is: "But it is so difficult to evaluate excellence in teaching." In fact, the background 
statement for this hearing declares "In contrast to research, where the academic acumen of 
faculty can be readily assessed and rewarded on the basis of publications and research 
grants, the metric to assess and reward excellence in teaching is far more complex." I 
would argue that this statement is completely unfounded. The simple way to evaluate 
research is to count the number of papers published and the number of research dollars 
brought in and then to equate large numbers with excellence. One could just as easily count 
the number of students taught and the number of education dollars brought in. Of course, 
neither of these metrics yields a erne indication of quality in research or teaching. To truly 
evaluate excellence in eitiier endeavor is difficult and complex. It requires a combination of 
internal and external peer-review. The PYI report states that the academy should 
"...require internal and external peer-review of a candidate's instructional 
accomplishments. In addition to student evaluations, we suggest classroom visits by 
fellow faculty, alumni evaluations, and internal and external peer-review of instructional 
materials and other disseminable educational products, and refereed pedagogical 
publications." The academy puts much time and effon into internal and external peer- 
review of a junior faculty member's research. It can and should do the same for teaching 
achievements. This would accomplish the dual goals of including teaching performance in 
the tenure review process and making clear to faculty at all levels that the contribution to 
education is as essential and highly rewarded as that to research. Finally, in assessing 
teaching in the tenure process, teaching should be broadly defined. It is important to ^ 
consider contributions to education made over a large spectrum. These can and should go 
well beyond classroom teaching. 

In addition to the two recommendations above, I believe it is important to consider 
several more possibilities. First, I recommend that the National Science Foundation ^ 
sponsor a meeting of junior faculty, senior faculty and administrators from research 
universities. The charge to this group should be to develop strategies and tactics for the 
elevation of the status of teaching in universities with science and engineering programs. 
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There arc a number of groups beginning to address the issues being discussed in this 
hearing and it is essential to consolidate their efforts to insure that the desired ends are 
achieved as rapidly as possible. 

Second, vv*, must recall that there are 3500 institutions of higher education in the 
country and only about 100 of these are research universities. It is important to insure 
quality undergraduate science education at all of these institutions. One may argue that the 
PYI report is focusscd on the 100 research universities. However, many of the teachers at 
the remaining 3400 institutions arc trained at tiie research universities. In addition, a large 
fraction of the K-12 teachers are also educated tiiere. Clearly, success in elevating the 
status of teaching in research universities will have an impact across the educational 
spectrxim. Future teachers at all levels will not only learn science and engineering, but they 
will also leam how to teach by example if teaching excellence becomes the norm at the 100 
research institutions. In addition, elevating the status of teaching at the research 
universities will enhance the prestige of teaching at all levels. Congressional committees 
witii oversight responsibilities for the tax payers' money should endeavor to insure that die 
tenure and reward system guarantees a quality education for students at all 3500 institutions 
of higher learning. 

I would like to conclude by re-emphasizing the clear and present need to insure the 
participation of women and minorities in science and engineering at all levels. This is 
particularly important given the context of the rapidly changing demographics of the US 
work force and the need to insure international competitiveness. The barriers to 
participation of undertepresented groups are many and varied and will not be adequately 
lowered until there is a critical mass of undenepresentented groups in senior positions. 
Such individuals arc the only ones who can truly understand all of the biases and patterns 
of discrimination and therefore help remove the barriers, empathize with the young students 
and faculty members struggling to suitnoum them, and in the long run help to remove the 
barriers entirely. This illustrates the urgent need for role models at all levels. This need is 
particularly important in the faculty ranks where tenured women and minorities in the 
sciences and engineering are few and far between. The lack of faculty role models is due in 
large part to the narrowness, inflexibility and time scale inherent in the tenure process. 
Women and minorities in academia hit the glass ceiling much sooner than do their 
counterparts in industry due to the compressed time scale of the tenure process. It is very 
unlikely that an entry level employee at IBM will be bucking for a top management job in 
five years. But that is the time frame in which a young faculty member comes up for the 
ultimate promotion to membership in The Club. The PYI report recommends that ",..we 
encourage inclusion of underrepresented groups on tenure and promotion committees for 
candidates from these groups." This is an essential first step. Until women and other 
undertepresented groups occupy tenured positions on the faculties of America's 
universities, wc will not be able to provide quality undergraduate science and engineering 
education to all of the women and men on campus. 
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Mudeni univeniiv ^a\ no choice bui 10 do 
<*hat 11 (\ iJoinf li tin a finJntftal crunch. 
ticcft «iih a poienlial m-milliofl d<hcii 
ind vieep (.ompeiitioo for iiudcni% «-ho 
vjn A/Ti>fd ,l^ rHint luiltOn Admini4tr»iorj 
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fanLI« tCir^l itii. t rtpgitiicn ii > 
il\<Jciil«nicrr<] fnctftt intlKuiKM — 

•«« rniructunng oUiv— Miici (Kni- 

itvon oof iiinit»| •wfw'w^ 10 t«c t<f 
'ki ^My^ Rotten M O^AWid utitUAi 
• icKluiKClVx to* inll^llOfUj 
T«nf 4nJ I .:cvdirT<ior ofihr 'cKhin| pwo;- 

'^f p«t( tiw fokht Tv»rch i*ni>tfM(irt. 
tumtrtd b, cnliCitm f<Oni iludiMi. W pi- 
liion ird other Cni«:\ N4«c lAftOuiKeO 
ptM* lotaMTVM ihew r*cwlti.rt»tr1 tvt- 

t i w»w xt irmj^ •runt rTV«n 
r**Mi« Bn^fvnt tn more limited t^ui 
■iWA ka*i Hiovee* iM vune v»>b«n u 
N<n «M« nie«Kft ufli.eniiiei— •/« ih>* 



IBM mamh. Aruoaa State 

Uvrcwr i COMMUHM (M Iki fl«ie Of 

^■ckMf « L'wvfmir" rtl«A4e4 1 
*^ ripQti MTviii (he UM^i lo tootii t 

of fiCVKT KfcoUfV**. 

MrarriiiiiHAii 0a iVTCriponiuut^Ot 
** Crave RwftMjM fef the Advuce- 



•he JiwcoxrvufnevtnO'Vdfr irMiiKav 
<he onlt kHid <rf Kftodanftip t^M 
>owntt for profTCMei 

C.irr<pc 1 Dm*d<iX FmtM I. Bovir 
«<,t ihe rt^axi htt Men (Mc of tut orvB- 
/Jiion 1 hrti-MlSen More itut ^ wtfi^ 

^Ir^l to ihtif cin-puKl 10 ilii'uit it 

TV iiiirto/ihe rue ufihc rnhf 
ihc fr»*n) tviitm 11 heiPi tiiwd noee 
.jftcfiJt Mw OoA U M> (MM u(Kt Aortd 
Ward h««Mitndi rhe c«,<lu<^| newt 
,1 not ihal e«crvlhin« % ikkA|>«« Okcr- 
tta|M but ixv ii I « kpiiiiMit iof«c 10 

M Strk:tiM.ihc diKuitiun d^tuiin rhe 
\f«in| o< JW» «k<n (he vnotmiv r». 
itiyt^ toat-itu 1>23 000 (TkAi froM Ike 

betfl turiNr <nucvted t»T iiudem troupi 
uptcl o*er «CicJiW» UMtUmi *ho iMt 
poor £ac>uA ud ovte ■ lack 0/ conuci 
<nch pevrfeMOn. llnadf S«l nutncrCMI 
vro^iAi \M4tf viT to i«wravt yn4e(- 
piitatH »*trtooe )b« fruii t purpDie 
»M U ii^5ro»e dw petvei^rt itnportuftce 
of icJchmf oa Ae oapui TTm frojcci t 
eiHTCton tiiU »ft— Mt Oi»- 

Mon4 aad LomU K Cavuetn. >ice prrw 
teM fef iiXiiyKMd ttwdiet Wf Du- 
mortt It tieo ^iractof of the wni«cruit t 
Ceaief to iMtnartJOMJ D(*no9«nen< [u 
tu/r Wfi pnrfction an^rovi ihru nmc • 
trie m4 (e«ciMC oixlt ctouir wuh 
Mr Ct>lMitli. who conb4fn the ceti»tt 
hit K M le a w : y ^ ^ ^ ret »n»i 



Am 



(Im CfMnJ UminniraiMt— u roonn^ re 

Some taw iM reuil'j u tvitfrnce itai 
Stnewte had 1 larfc corpi of cIomi 
(cachcn CoowWt Bade br ftete >ur 
•cycdIeA IriW douM atuui OircaA- 
CvJ latiMd Wraie oeM E>n4nior I 
Uuak ihal Up lervK* it pwd 10 unJerrv^J- 
alt i<a(tiin|^bMaawik«miulan' C^^^ 
(KM Ic4*«i eu lan ««eti foriTMwk 
And anodter I couM pcMM 10 a Aiuea 
e LamptM of ho« we toMoe food mea/ck 
iQAevaekJy bHiicvrai Wrdo* « *J»i»l 
kM>«orc«n i/n'tiood We care thai it 11 
puHiCiud Mid ftotkM 

In lAt tununerof imaivOHjaT tkWer' 
t IK c drew More I MM I OOatail «*d depart- 



f*K wOpni («vhtn| -ta. -.reii vet" ■> 1 
flU^ir iritlaCf n fr«4ig.n| v.t^-nc rj.i 
«rt 4 e<n(^v»l fi->m ofrm,",^, . a, 

rin|]A|(rcffl >ur«ct ni 1 umm 1. 

*k> leiiAcvi^i o< -w- s.it>it«t o*-. 4»cj 
1^ >*iviid*itt !y *»jk.(»|i 41 •luuen ^i'" 
loA/aict Akile Ptj'ttvo'^ • 11 ru>« It I. 
niiit tn ,»\K'iiA( -tvikh >ni(na i.'< ^^rj 
ihe IO«i| it\( >lx.->rj -ftji .iwKJcni »*• 
«ei«-n (irve.iflU - jv •i>e>«tu<*f f J«.fi«'« 
rhr preie^i k -i-'d .eji -^^t 

>Uni aivi i«<TX TyiJifkeJ *' ♦ "t-u'r jnd 
p<Orfu>lHfn (^'•K'ty ••' I fxi' 

<>pe<i4J«OM TNe fteaili ./I 'He i. if'in 
pxk^ and 'eiif^ ■i(^*nm<>v1^ 'orc«<^ 
&le UT •iir> -w* fw-oonje 9ro(e»«3r^ •« 
a >fa«ri->| POOfotttw^ ^.t.fkiHrn -I 
*uienai> ir^t >x«irf^i * pfctew^' « 
lufhin(*Di|iit ArMimi',1 ^nii\ nc'wO-ni 
iKkiietiufe wkMX mio 'tOvire .-u 
Jei^l C^4JualKlnt e»er> ..hjh< 

In 1 rtvenvj >Kiiiintn( •■■ 'efCuiiNe -o le 
itkcritni cxDi«c< iM et.>it.-iM(« jir^n 
MeiM pto«ii]e\i an r^ofuxniii « ;<ri<r*v'»e 
%ii>i>p*(ii o>ih * jivtutiKKS k'' 'iivcnii>e\ 
4Ad a <oii pcneni itva;?iii i .•>ir<''ji>ni 
00 Ihe projc:! ihe merwuiJ •t«jlJ h«'p 
dOfkrrKdf parrtteni t' >«|ei <.m» «m -he 
pnmarv citeat <he>iul(«<it Nyi ii jivi 
•«)<«di^al 'ne naikei ^IT^p^,.^l<e^ 
arlt oul^i and 'hal JtiunmcK ••at 
eirarfiiiO*«ii<P«»>'n|nart Junni sji 

SilKf ihc p<oK^i Kfn -re JfParnxni 
hai ttanctl loe.iiiuie 'r<»nin| intwe iwit 
«j^lT U«J »0 1^ -ntnt ii.Kt -» fa^n.ni 
fkaiualiont li ^aa aJw c\iabiitNeJ tM 
poii of wMMf (rv)«aie J<re< iix 















rt, »a4. 1 mMt 




oay wM < MM MMM 









■ ofTi 



Sckdinfi* lU- 

Ihe Pn:4nHXv 




Once t c—K****** advii«0 ^oard *ii 
tei tip. tiM Ant tn* •« t (W>et ■« etaiw- 
imJtMpnifruffri.dtiMrMeM'Mad* Md 
deani .>ewed ike rHMivt ,.nporuiK« of 
ICMAinl tAd tllMftl "Cht rtt^m pro*!), 
td p<««« of a^ianjoe rh*r vno^ 
>hai *iulc all ikraa w» ihem»fi«n 

ura«ann« > Maace beivaea leaching %ni 
t*et ( ^ 



MM hcadi Srnnaa t 14 hum 
itvgi t<ridc4t PwKvMii •ere aU«o 
Oe« ck» p(M| 10 «wirpvt ittcktn^ iod H 
pni »at 1 1^ artMvUiKjiM coM 
ih< r»n. mtmy unu Md faottty *an 
tJOn* 0« Lkoee itMaa. ia4 tJW idmrnm 
xtarn Miaouafad t new |iwU tto^tm tl 

t>M«l»— M I c«iet of UO.OOi— « « ft 
*«af 

It tSe tM dM Sakn v^iM rM ow 
cult 1940. Srrkcw kAd daciM 10 cc 
tinue iM tflorT oa Ki IU1 *e • yrvf 

rrport rtoue. tlM irkiaU (25 000 



ipiMifT froteeit »jmod »t ttn«niiii( 'ii il 
fani 10 «^e; can-.puto «*J "« »~n4jn« 
kantvd tOcieOM lO de«<lor Pt<*<Mr irln 
danli Cormcar^K 

But Ike profrtt ttJI facei pt<nt> of 
ttacM kcrr iom* pnrfcitvrt •om imi -> 
will tuV^ r'"*'' pnifrtiofi un*J> jn* 
drr tnomiotit pftmar. ip e«et» iwiMi 
tuadarde So« »ofT> ihei ihe iiai» (^ri"* 
win(oterw«>d>^ ViCAlik rrwtnk *nd 
toM tar thai uAUl itud^it Uit ein^mi 
tenoMlf UM iMtMUtcs will mca(iin|< 
leu 

SrwuM'tMw<hMC4Uor Kfwik a 

Ste*. I<llrw>r1 IMI POtIM lau nwnift 
acw rntnKiunoi 
«fi»Jeiii'C<'>ier<4 




Ik Decrm- 



pg. 2 of 4 



174 



Syracuse Wants to Place More Emphasis on Teaching 



Citmunufd F'Om Pfftfdimt fage 
Dcr one profnwr here who wes 
fed up tkiih irvii culture abntptly 
end«^ a Icciure ct«Ji— «A«r 
moil Mud«nti uud (hcv AMtn t 
43on< iM requirtd readir\| — Ana 
bouffii 1 SMI newip&pcr adver- 
iiKfncflC locKprtii hit diifusi ■ 

Pertups the biani quniion ii 
^/bhciher ih* efToni here m»ke 
1 difference «t pronxxwfl time 

Mmoii evef>ofte inierviewcd 
ifitc6 ihit &n oudUndint te«cher 
with a poor putHithinc rtcorxj 
ihould not receive Unure But 
there far leii convcniui About 
an outtundinf teacher l^ in 
iversflt or fur tchoiar 

Some nere coniend ih*i ihe proj« 
eci h*t atretdv reiulie^ m <• Kiti 
one tue bodv — • tcholar who re- 
ceived tenure iisi vev out mifM 
rKM havcdoDc w> scvcni vcan i|o 

ACl«MCaU 

Thil Kho<ar it Jerry E*enikv 
nour an uiocitie profnior of eco- 
rtomics Even wiih the leachinf mi- 
iiitivet outlined b\ hit derian- 
rrwni Mr Eventkv kne* hii c«« 
Would be dote He hid i rsMii. 
iton ai an eicelkni iCKbcr who 
had publivhcd hi«ht> readabk lett- 
booKt The «jo« was not even 
Whether he wat m active tcholar 
It wai whether the ;vp/ o( tchoiar. 
thip he d»4— on ihe hitiory o( ko- 
nomK iSoufhi ina on eihKi and 
ecom7«ucv— wat vaiucd bv i de> 
panmeni thai timicd a^i«d re- 

VCATCh 

In the end. Mr Evetitky did k«i 
tenure — by i on«<v04c ma^iy 

Jamct Fo^lain the d«panmcni 
cnMrman uy\ il wouW be unfair 
to ponray the caw ai ~ tiimui leii 
on the itachinfvcrtut-rviMrch it. 
lu« BuiioMhcrs a dtciWMi not to 
iriini tenure to Mr Evtntky wouM 
have been 4iiAstn3u% for a laHvcrw- 
ly thai was pmchinf (cichiMc 
Kmof^ ihem wai Chrwopher M 
LaVaJkc. a Knior ccofwnwci tna- 
;or who uyt Mr Evcntity t repu« 



uiiofi wu the main ru^n ne hrvt 
ioo4l an economict coune He re- 
calii how Mr Eventky iiood be- 
fore a laric ciaii one di> ■ popping 
WW 1 into hit mouth and Later et. 
pLBinint that he had iciuaJiy been 
illuttratjng the concept of dimin. 
iihing marginai uiiliiy 

To have k>si the Eventky 
cai< ■ tay» Rotnn O McCture, 



aivociiiedean of ihe school of pub- 
lic iffatn. »ould ria\e meini lot' 
ing nearly everything 

Ai/orMr Eventk\ no»iheJe 
panmeni t underrraduJie direc 
tor he Uvi M\ leacnmg helped 
and II »oul<in i have heiped 
enough ihf'ee vear^ afo 

I ihink ihev re buying ;nio tne 
teaching outineti • 



Critics Say FaciUty'Reward System ] 
Discounts the Importance of Service ■ 



iuti as a movemcni lo pro- 
vide more rtwardt for college 
i&achinc It buiidint up tieam. 
tome obtervert are pointing lo 
another deficiency in ihe facul' 
ty-rrward ty tienw^lt failure to 
recofniie profettorv tcncailcd 
tcrvice aciiviliet 

Such aciivuiet might include 
tcr>inf tn ihe /acuKv ^naie Of 
on a cumculum.review panel, 
or orgajtifing in academic con- 
ference 

In January itte SaiionaJ At- 
tociaiion of Stiie Univertities 
and Land-Grant Co^leget tnvii. 
cd rtpreteniaiivet of more than 
a doien >ean>ed vocieiiei lo dit« 
cuti the iitue at a conference in 
JUcine. Wii 

in a itaiecncnt rekatcd it the 
conference pariiCipanit ac- 
knowledged that aJihoufh the 
ditciplinet and iiittilulioni e:i- 
pcci luch acCiviliet. they often 
fail to encourage artd recognize 
ihem They a<reed to have 
iheir >octei>«t ditcuti ways to 
beiier evatuaie and rewarU 
tervtce acuvuMi 

Tnduionaiiy, service lo the 
CAmpui and cofr.muniiy h&a 
betft ooe of ihire cniena used 
to evahuie faculty rrwrnberv for 



promoiKX) and raiict The oth- 
ers are teaching uxi research 

InsiiiuOont ihai e»p*ci their 
prof<n*Qr\ lo co<yJuci research 
might weight those three >r. 
eat — in theory, at Vcast— like 
this' TcMihing and tchoUrsh.ip 
wouid each count 40 per ceni. 
and service wouid couai 20 per 
cent In f»ci. junior pro*es»ort 
at research universities arr roo- 
linely ic*d to forget about t^r^*- 
ice activities if ihcy <«ani lo 
achieve tenure, and to dttlin- 
gursh themselves through their 
fchoUnhip One consequence 
h&s been that service acuvnies 
have vtnenilv been left to more 
senior professors 

Amonf those worttnc on the 
project IS Nevin C Brown, di- 
rector of (he naliona) confei- 
ence on tchooJ college collabo- 
ration i; the Amenc4n Associa- 
tion for Highei Education 

Mr Brown thinks Ihe I im* IS 
ngtil to provide better rewards 
for s*r>iice activtiies "Univer- 
sities and their faculties, he 
says, are incrcasincly being 
looked al as rciourret for f-**^- 
tng KKtety deaJ with lois of e«- 
tcmaJ p»oWen\s 

PantCipMts in lh« V">!^ 
p^an to meet again m June 



J 
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Syracuse Tries to Involve Others 
in Teaching'VS, -Research Debate 



■ vCAHOLYSJ MOONEY 

SyrVuK tni>enii)r recofnixn 
ihMi if 11 1 (oifts 10 chantc iis ficul- 
ly-rrwtnl lyitem ii cut ( do it 
•lone 

Since l9t9. when ir bcfin & prof- 
•ci io prt>vkle more rcwihrdt for 
tsachin(. Svncuic hu Mconw in- 
«o<«cd irt vtverai nrUied proven 
th«i bnnpnc iN« ic«chin| yer- 
iut r«M«rch dcDue lo o(h«r com- 
putet and to itMinta socwtm 

ItWtr Vkv of ScUlankip 

One ptnjM invo^vei • niuotu) 
Mifv«y ofl hovr leachint and rt- 
tcarch i/T valued by drfTerrnt cam- 
pui sroupt Another ii encoun«- 
ini ui m<«rcti univeniuei lo ea- 
amine iftc rgle o( itacAing in ihcir 
ficutiy-rewanl lyitcms. much as 
Syracuu i» doing A third ii asung 
taftjTTMd wcNUei to coa««kr t 
bfottitT view erf *^ counts as 
KhoUrUup 

The projecti •« beint cor,<l«in- 
•d by SyncuM i C<nur for In- 
unicticnaJ Dev«)opfncni Follow 
iRf 11 a luauiAry of each 



Tk« moomI lurrer. In i999 
ai pftn of III tuchinf project. 
Synctm eoaductad a wrvey to 
;jtaaiins hotv iti profeiaor). dc- 
pATUncM hcadi. and dnnt «>c«ed 
the nluive imeortMcc of (cachmc 
and rc*e*rch The r«Mjit« ihowed 
lilt whik each croup uw tiMif u 
favonnc • balance between teach- 
in| and rxsesfcn. each uw the 04h. 
en— wpKtaJly the ceniraJ «Jmin. 
ittratKxt 4i favonnc mcarch 

The fo<k>winc year, the mtiruc. 
DonaJ ceitttf recctvad a Lilly En- 
dowment friAt to eatend the tur- 
vrv 10 47 reM«rch jnivemuev-JJ 
puWic and 14 pnvaie mititutxyii 
Retulti of L^al lunev provkd* ad- 
ditKxuJ evidence of a ma^ per- 
ception fMp. The multi (how ihai 
while many factiJty mcmten. dc- 
panment hcAdi. deans, and admirw 
iiinton a^ccd on th< nc«d lo baj- 
anc« ie«chinc and rciaarch. ihey 
also acrced thai in« emp^^i 
thiftinf more toward m«uxh thM 
Ihey w04ild like 

■"The difTerencn m the wny re- 
ipoodenii perceive the wiy the 
univervty a to*ttt and the way it 



ifiottid to iu0ni thai therr ii ■ 
tenous confltct between iv ad- 
ture of ine univeriily and ite vi^ 
ucjof indivKiuali, concludes a 
pon of the mrvcy. "A N«mm 
Stud) of Rnearch Lmverutm 
On ihc BaUAce Betwrca Rtt^nk 
and Undc;-yid(i4A Tcactu^" 

PrufiMOfi aha perceivH c«> 
titt admiaiuniori ai ftvom^ r»- 
Msfch. whflc adminnuvon uw 
ihttntelves ai ft*ofW| icacXir^. 



p^ of a prD;cci ftrmnccd by tht 
Fund for the Improvcimni of Pow- 
Mcondary Bducaoon. ut univers- 
cm aix euminin* wiya to empha- 
tize tcachinc on iheir campu«ii 
TSey are Cmrntpf Mellon. Sorr%- 
*cttem. and OhJO Stale Univtrw- 
twi and the Univerutje? of CaJtfor- 
ma ai Berkeley. Mauacnuiettf at 
Amhcru. and Hich^an 

The IK. whtch panicipaiad m 
the Mr%'cy dncnbed above, have 
btfun diKu»tioni of «ayi u> im< 
prove and better f«*anl icaciunf 

Another pan of the projeci will 
■Icmify the imnntK rtwanli that 
profeijofi receiv- from teachini 
m an eflon i o prov tdc a bcner con- 
teit in which lo eivmne exinn- 
uc" reward* 

TW ro^ c4 learaed mc%tt^n. 
Because ihc Kadcmsc diKiplinet 



Jetermine *hat Kind of M:hotar^hlp 
<s moM «iiued. dirccion of ^vra- 
% icachini proreci decided it 
cruciai to in'vot^e ihe iearn<d 
\ocieiiei in Jinv Jivcut^ion jbovit 
rrdchning Khotanhip 

More ihan ^0 (roupt repreieni- 
mg diKipiinei ranging from ''usi- 
ntii to hiitory have igrrvd lo par- 
iKipate in a profcct umed *i jomg 
exactly that The project >s Deing 
sponiorrd boih b% the Fund for ine 
1rnpfT»vem«n< of Pmivecond^ 
Educabon and the LilU Endow- 

In 1990 the Can>ef)e Foundation 
for the Advincenvnl of Teaching 
luuad a rrpon ihat recomrr.eoded 
that Khobnhjp be defined as hiv 
inc fogr componcnti ine diicov- 
erjr of knowkdi^. ihe micgrxtKH^ 
of KjwwkdfT. ihc apiHicaiion of 
kno«l«d«r. and the teacmng of 
knowMcv. TrMlittoruJIy ihe dii- 
wOtery of (Vw kiviwleJic hu been 
■ he only type that counts ai promo- 
iion ind r»iie irnie 

The Cameti* rccommcndaiion 
hai unce been i*idelv divcutved m 
academe Organoers of ihe pfo>ect 
hope ihe ic^j^ vocieiirt *iH 
.idopi broader deAnitioni of Khot- 
in*Mp thai wi!l lead id chang<ei m 
Ihe w«y decisions about lenurr 
pfomMion. and raisei are m^e 

SoTM of the early letters from 
■he tocKiwi e«prcsvcd \iiong in- 
lercit rhe American Sociu^ofKat 
fSKKUtion for eumpte noted 
ifut many of its m«mO<n lett 
leachinf «at «>ft uvi iherrfore 
hAnl lo mcuurt But MXiOiogitit 
..oufd gi«e it 1 trs the et'er >^d 
-^ing that -e meiiuie Ji.<n. 
itwn urt>andecav ajmnhjpci 
cen jnd ih( undtrciiti 



\i i .onterencf hetn lui fall, ihe 

for •choMMp M 



oariicipating learned locietiei 
J4recd IO appcini tpcciaj p«r>e)s lo 
eiaminc ways to redeKne Kho<ar- 
>hip in eachdiKip{in< A panel rep* 
resenting the AmerKin HiSioncaJ 
\iioci4iiOfi ha3 irnce developed a 
draft document that uted the oert- 
niiiofii proposed in ih« Camc«>e 
rrpon It lists textbooks and newv 
leiien papers given at confer- 
ence!, and museum exhibitions as 
wno^uiY acuvum related (o the 
iv<irArT</ of krtowkdfe Activities 
retaiad to the opWirdiMM of knowh 
edge include tustooc preservation, 
^ounxaiedjunf. and panicipanon m 
stale humaiiKias counoJi Actin- 
im rrlatad to trachiAt mdudi mu< 
dent advibaf. davetoivnent of 
count maunaLi. and peoyecti wuh 
elcmcmary and secondary schools 

Some oti«*rvan hav« noced the 
imiy of ai^9f the V CTY wrofup* thai 
sei the currcm SLMdardt for schot- 
anhip to laad in reform cfToris But 
:hanti cannot take place without 
them p»t>j«:t orip<uxn uy 

For more in^onmiMW on the 
vnjtca. coataci the Cetter for In- 
uiyKtiomi D«v«io9«Mi. Syrv 
Cuaa Vwrntty. r 1 1 Wivtrly Ava- 
iM. SvM Z». SyttcuM. Ntw 
Vat in44;tli5>«4V«37l • 
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Mr. Thornton. Thank you, Dr. Denton, for your fine summary of 
your excellent testimony. 

I must recognize that we have once again been called to vote on 
a measure over in the House of Representatives. I want to make 
this vote, so I am going to declare a 10 minute recess, at which 
time I will be back, and we will have an opportunity to explore 
with some questions. 

Thank you. We'll be recessed for ten minutes. 

[Recess.] 

Mr. Thornton. The hearing will resume. 

I must tell you that we will have another vote or series of votes 
in a few minutes, so I may have to abbreviate the questioning to 
some degree. 

I was very impressed with all of your analyses of the distinction 
between research and teaching as being at opposite ends of a bal- 
ance beam, and considering that the two were a coin — opposite 
sides of a coin — or connected intricately with each other, and I 
accept that. I think that teaching and research are part of the 
process of developing the creative part of a human mind and then 
sharing that with others. 

Still, two elements of the tricameral troika of education — re- 
search, teaching, and service — two are generally not considered as 
much as the research. The research is easily gradable. It's some- 
thing that you can — and I thought your comments that there were 
ways to grade the others were important. 

But one thing that has troubled me as we talked about teaching 
and research is that very little attention has been given to service. 

I'd like to ask each of you to give me an illustration of some ele- 
ment of service that you have provided in your own career, some- 
thing quantifiable or appropriate to that function. I heard some ex- 
amples as I listened, but I'd like to get a specific case from each of 
you. 

Dr. Neal, would you begin. 
Dr. Neal. Yes, Mr. Chairman. 

Service, as I'm sure you are quite well aware, is a very broadly 
defined term, and many departments use it. Many universities use 
it to refer to national service, all the way down to service in one's 
own department. I'll just give you two examples at the two ex- 
tremes of that for me. 

I participated in mentoring of graduate students and undergrad- 
uate students at our university, meeting with them regularly, deal- 
ing with issues that they have, ranging from academic to personal 
ones. So, that's one extreme of that spectrum. 

The other for me vas, for example, service on the National Sci- 
ence Board, 

Mr. Tho^.nton. Kight, right. Dr. Ward. 

Dr. Wak'>. Yes, I could site a number of examples. Certainly, 
servicing as Chair of the National Research Council Committee on 
Biology in Service reeducation is a really important service activity 
that I'm directly iiivolved in. 

But many of our outreach activities, at least in our university, 
are classed as service. I think that that's one of the things that we 
put a large emphasis on and use resources from our Howar^l 
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Hughes Grant to develop programs for elementary school teachers, 
for high school teachers, and so on. 

Now, Tm arguing with the university that I want them to change 
the definition of teaching to where that becomes called teaching. 
The reason for that is that if you think P&T committees don*t pay 
attention to teaching, you ought to see how little attention they 
pay to service. 

Mr. Thornton. This is the point that I'm trying to bring up. 

Dr. Ward. I think, you know, we all say it's in our mission and, 
particularly, at the land grant university, it really is in our mis- 
sion, and that is our task. 

Now, we have Acuity that — since I span the college of medicine 
and the college oC v^<?riculture, we have faculty in those colleges 
which have a dirbvL, nore mission orientation that certainly are 
performing service, and are connected to the agriculture extension 
service, for example. 

Mr. Thornton. Well, of course the agriculture extension service 
is a text book example of that mission being carried forward. 

Dr. Ward. Yes, and I think there are many more opportunities 
to expand that and, I think, like teaching, it*s inhibited by the fact 
that, in fact, it's not. 

It is not recogni2:ed and rewarded in a way that it could be. But 
that's an issue that maybe you might want to take up with a sepa- 
rate hearing. 

Mr. Thornton. Well, in any event, the National Science Founda- 
tion's charge is to provide support for both teaching and research. 

Tm not sure that the NSF's charge contains a commitment to 
service. Is my understanding of that correct? 

Dr. Ward. I'm 3orry that I don't know the answer to that. I 
think you are, but again — 

Mr. Thornton. I believe that that is in the language of the stat- 
ute that the NSF, since its formation, dealt with both research and 
teaching, but not with service. 

So, perhaps it's inappropriate to this hearing to be discussing 
this, and yet, as a former academician, I'm deeply concerned that 
little emphasis has been given. 

Dr. Ward. I think that s an issue that you ought to address. 

Mr. Thornton. Dr. Lohmann. 

Dr. Lohmann. Yes. Vm very proud to say that I recently served 
at the National Science Foundation as Program Officer in the Divi- 
sion for Undergraduate Science, Mathematics, and Engineering 
Education. 

Without question, it was probably the best two and a half years 
of my professional career, and indeed of my professorial career. 

I would go on to mention, though, that it was a decision to serve 
that was very difficult to make. It was at a time in my career when 
I was an associate professor, and I was very concerned about how 
my colleagues might view such service. 

I can tell you with great pride that the leadership at the institu- 
tion that I was with at that time v/as vei7 supportive of my going 
to the National Science Foundation. But with respect to my col- 
leagues, the perspective was quite different. 

One of the things that I think we've got to start thinking about 
in our institutions — and this mirrors off of my colleagues' com- 
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ments — weVe got to start broadening what is the definition of 
''scholarship" in our institutions. 

We've got to stop thinking that if you can't get a grant to do it, 
get a Ph.D. thesis on it, or write a paper abnout it, it's not worth 
doing. Public service falls into that category. 

We have some very critical national priorities, like the increased 
participation from women, minorities, and others who are not tra- 
ditionally, at the present time, in our programs. 

That's not an instructional issue. That's not a research issue. 
That's a social issue. It's something that we need to start paying 
more attention to. 

Mr. Thornton. Thank you, Dr. Lohmann. 

Dr. Denton. 

Dr. Denton. Yes, thank you. 

In terms of more traditional service, I've served in the National 
Science Foundation Advisory Committee for the Division of Electri- 
cal and Communications Systems. 

I'm now a member of the National Research Council Board on 
Engineering Education, which is chaired by Dr. Pister, and on 
campus, I'm on a variety of college and department committees. 

With respect to what Dr. Lohmann was just saying, I'd like to 
comment on the fact that in this period of trying to bring more 
women and under-represented groups into the science and engi- 
neering enterprise, women and minorities are called on with great 
frequency to take on responsibilities and engage in activities that 
our white male counterparts are not asked to do. 

I think it is very important to recognize that during this transi- 
tion period, while we are trying to integrate everyone into the 
system, it's important to pay attention to that issue, and it's exac- 
erbated by the fact that as we've all said, service doesn't count at 
all. 

So then you have the very people that you're trying to really in- 
tegrate into the system being left behind because they did partici- 
pate so much in those service activities, and then received no credit 
for it. 

Mr. Thornton. Thank you. Dr. Denton. 

Dr. Neal, you have cited that numerous projects exist to improve 
undergraduate education. Could you pick an exemplary case from 
the University of Michigan and share it with us? 

Dr. Neal. Yes. One example is that the university started its 
own research experience for the undergraduate program, even 
before the NSF program was underway. That's a program where 
one aspect of it was directed to minority students. 

Mr. Thornton. With what effect? Has it begun to show an 
effect? 

Dr. Neal. Well, it's hard to tell. You have to follow these for 
many years, but there is the sense that there is nothing more im- 
portant in undergraduate education than to provide students with 
an opportunity to work closely with faculty. 

So they providtd that for our students to work with our faculty 
in the summer. That's one example of an initiative under way at 
the university, and there are several others. Many departments are 
coming forward with their own proposals. Some departments are 
proposing — 
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Mr. Thornton. Is there a way to share these successes across the 
university? 

Dr. Neal. Across the university? There is a mechanism. The sci- 
ence chairs at the University of Michigan do meet regularly as a 
group. 

When there are activities in one of our departments that seem to 
be successful, information about that is shared with the other 
chairs. 

Mr. Thornton. Thank you, Dr. Neal. 

Dr. Ward, you mentioned the undergraduate biology research 
program, which was cited in "Science Magazine" in January of this 
year. Did you encounter any failures in implementing the program 
or any lessons learned that might be helpful to other people? 

Dr. Ward. Yes. We learned quite a lot of some sort of silly tech- 
nical details and some were more significant. We started off early 
on — and we're actually preparing a publication on this. 

To our surprise, we have found very few examples in the litera- 
ture of people who have really developed a program and analyzed 
it in some detail as to what actually works. 

For example, when we started off, we had students start in the 
middle of the school year. We discovered that didn't \ ork, because 
undergraduates have a lot of demands on them 

Mr. Thornton. Yes. 

Dr. Ward. So now, all students have to start in the summer 
where they can work full-time. 
Mr. Thornton. Yes. 

Dr. Ward. Then, by the time they've worked in a lab ten or 
twelve weeks during the summer, they then know enough that 
they actually can continue part-time and do something. That's a 
small advance. 

Again, many of these things are rediscovered wheels. Other 
people, if we knew who they were and where to find them, we 
could have gathered some of that information. 

Mr. Thornton. That, again, addresses this question of the dis- 
semination sharing of information. 

Dr. Ward. Absolutely. I mean, I'm looking forward to reading 
these reports. 

One of the enormous p^ources of dissemination in biology is 
through these Howard Hugh programs, which are now supporting 
almost 200 programs. When the program directors meet, and they 
prepare reports you get to find out what other people are doing in 
the rest of the country. 

We've put a lot of investment into multi-media technology in our 
intro(?uctory biology courses and it really increased the number of 
students enrolled. 

Again, by the same mechanism that Dr. Neal has said, when we 
meet and discuss with the other faculty of science department 
heads, this undergraduate program, whioh is now in biology, other 
people are beginning to develop in other disciplines, and they are 
using the same tools. 

So, as long as the disciplines communicate, I think we need to do 
that. 

Mr. Thornton. Thank you, Dr. Ward. 
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Dr. Lohmann, you have co-chaired a colloquium, which produced 
the report "America's Academic Future". It had a number of spe- 
cific recommendations regarding the crisis in science education. 

How's that been received back in Georgia Tech? 

Dr. LoHMANN. So far, I would say it's been received fairly favor- 
ably. The president of our institution, Dr. Crecine, is going to dis- 
tribute a copy of the report with a very positive letter of support to 
every Georgia Tech faculty member. It's just now reaching, if you 
will, circulation among the faculty. 

As you can well guess, there are those who are enthusiastic sup- 
porters, and others who are less enthusiastic supporters. Nonethe- 
less, I'd say on the balance, it's being fairly favorably received. 

Mr. Thornton. Do you know whether the National Science 
Foundation is taking steps to implement any of these recommenda- 
tions? 

Dr. LoHMANN. I believe, at the present time, that the report is so 
new that we are at the stage — 

Mr. Thornton. So you can not make that determination right 
now? 

Dr. LoHMANN. No. I can say this, I'm going to be speaking to the 
National Science Board at one of their upcoming meetings. I think 
it is in June — I can't remember the exact date — to provide them 
with a summary of the report. 

Vm also going to be speaking to the Education and Human Re- 
source National Advisory Committee within that directorate, also, 
to again summarize that report. 

So, there's clearly opportunities there for the National Science 
Foundation to begin taking steps. 

Mr. Thornton. Dr. Denton, you made a strong assertion that it 
was possible to evaluate teaching and that the excuse that you 
simply can't measure it is not really an appropriate excuse. 

Could you expand on that some? How do we go about addressing 
that question of evaluation of teaching? 

Dr. Denton. Well, as a preface, I would comment that if you look 
at what the Academy does now carried to an extreme, the evalua- 
tion of research can degenerate to a counting exercise — counting 
research publications and counting dollars. 

Given that sort of an approach to assessing quality, one could 
certainly count numbers of students taught and count or average 
the teaching evaluations. Obviously, neither of these is acceptable. 

Mr. Thornton. Yes. 

Dr. Denton. So, I think, the preface has to be that it's an over- 
statement to say that we evaluate research very well — that we 
assess quality in research very well. But we can't do that in teach- 
ing. I think that is really wrong. 

So, to go on from there, though, I think it's easy to start listing 
some ways to really evaluate both of those. 

Mr. Thornton. So there may be problems in evaluating both. 

Dr. Denton. Yes. 

Mr. Thornton. And, of course. Dr. Ward mentioned his difficulty 
with the per credit hour number of hours taught, and that does 
strike me as being not the best way of evaluating teaching, just by 
multiplying the number of classes you have times the average 
number of students in each class. 
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Dr. Denton. Right, and the proper evaluation of both, I believe, 
is complex. 
Mr. Thornton. Yes. 

Dr. Denton. And, I think that what we've done is, because re- 
search is the part of the spectrum that's rewarded financially, we 
spend more time worrying about evaluating that. 

Mr. Thornton. Dr. Ward, if you can give me just a few quick 
comments. 

Dr. Ward. Can I comment quickly on that issue. 

I think we can do it. I agree, very much, with what Denice has 
said. I think we commonly evaluate research fairly superficially. 

But we can collect student evaluations, that's one kind of thing. 
It's not hard to have your faculty go over the curricula and sylla- 
bus of a course to see what the content is. One thing students can't 
evaluate is content. They have no idea whether what you are 
teaching them io what you ought to be teaching them. 

Mr. Thornton. Yes. 

Dr. Ward. Your faculty can do that. Then you can iiiten/iew stu- 
dents when they graduate, because one of the problems is, you are 
educating people, not for what they think when they took your 
final exam on that day. You care w^hat they thought about your 
course. Where you really care about it is when they start their 
career. 

Now, that gets really expensive and hard to follow alumni, but at 
least you can interview your seniors when they graduate and col- 
lect their opinion. Well, which courses did you take that really 
made an impact? Well, I haied that course when I took it. But boy, 
you know, it turns out, I really learned that biochemistry, and I 
needed it later on. 

1 hose are the kinds of things which you can do, but it's a lot of 
work. 

Mr. Thornton. Yes. 

Dr. Ward. But it's something we have to do. 

Mr. Thornton. I agree. It's something v/e have to do 

On that note, and under the pressure of having to go to the floor 
of the House to make another vote, I ask if each of you would 
agree to respond to such additional questions as the staff may ad- 
dress to you in writing. 

Thank you very much for your excellent testimony. I apologize, 
again, because I'm just getting warmed up. I'd like to continue this 
dialogue, but rather than have you wait here while I go to the 
floor, and then return, I will declare that this hearing is adjourned, 
and thank yoi\ 

[Whereupon, at 4:44 p.m., the subcommittee adjourned, to recon- 
vene at the call of thn Chair.] 

[The prepared statement of Mr. Costello follows:] 
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MR. CHAIRKAJI, THAUK VOU FOR CALi-ING THIS HEARING. I AM PLEASED 
TO BE HERE AS WE ADDRESS THE PERCEPTION THAT THE QUALITY OF 
UNDERGRADUATE SCIENCE EDUCATION HAS DETERIORATED. I WOULD LIKE 
TO TAKE THIS OPPORTUJIITY TO WELCOME OUR EXPERT PANEL. I AM 
LOOKING FORWARD TO HEARING THE WITNESSES' TESTIMONY. 



MR. CH.JIIRMAN, OUR NATION HAS LONG ENJOYED AN INTERNATIONAL 
REPUTATION AS A WORLD LEADER IN SCIENCE. RECENTLY, HOWEVER, WE 
HAVE BECOME AWARE OF ALARMING STATISTICS WHICH POINT TOKARD A 
DEFICIENCY IN SCIENCE LITERACY IN OUR COUNTRY. A RECENT REPORT 
FOUND THAT U.S. STUDENTS IN ELEMENTARY AND SECONDARY SCHOOLS 
PALE IN COMPARISON WITH THEIR PEERS FROM MANY OTHER NATIONS WHEN 
TESTED ON THEIR ABILITIES IN HATH AND SCIENCE. 



ADDITIONALLY, DURING THE 1^80 'S THE NUMBER OF UNDERGRADUATE 
DEGREES IN SCIENCE AND ENGINEERING CONTINUED TO DECLINE. IN 
LIGHT OF THESE TRENDS, I AM COMPELLED TO WONDER IF THE QUALITY 
OF UNDERGRADUATE SCIENCE EDUCATION MAY BE A CONTRIBUTING FACroR. 



lb,; 



183 

I HOPE THAT TODAY'S HEARING WILL OPEN DISCUSSION ABOUT HOW TO 
ENHANCE OUR NATION'S COMMITMENT TO PROVIDING QUALITY SCIENCE 
EDUCATION TO OUR STUDENTS. I ANTICIPATE FRANK DISCUSSION ABOUT 
HOW TO STIMULATE CULTURAL CHANGE WITHIN UNIVERSITIES TO BALANCE 
THE STATUS OF TEACHING WITH RESEARCH TO ENSURE THAT 
UNDERGRADUATE STUDENTS RECEIVE A QUALITY SCIENCE EDUCATION. I 
AM ALSO LOOKING FORWARD TO HEARING THE PANEL'S PROPOSED OPTIONS 
AND RECOMMENDATIONS FOR MOTIVATING UNDERGRADUATE SCIENCE 
EDUCATION IN COLLEGES AND UNIVERSITIES. 

AGAIN, THANK YOU MR. CHAIRMAN FOR CALLING THIS HEARING AND FOR 
YOUR CONTINUED LEADERSHIP OF THIS SUBCOMMITTEE, 

O 
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